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METHODS FOR REFOLDING PROTEINS CONTAINING 
FREE CYSTEINE RESIDUES 



The present invention letetes gmeraJly to meduda of nnldng jnoteina and more E])«cifically to 
recombinant proteins containing at least one "ftee" cysteine residue, i.e., a cysteine residue fliat does not 



91 daily, itgections. llieie is 
o prolong file circulating balf-Iives of protein 
flierapeuticsinfliebodysothattbeptDtnnsdonotliavetobeiigectedfieiiuently. Covalmt modification of 
proteins witli polyethylene glycol (FBO) has proven to be a useful method to extend the circulating half- 
lives of proteins in the body (Abuchowdd et b1., 1984; Hetshfield, 1987; Meyers et al., 1991). Covalent 
attachment of PEG to a protein hicreases llie protein's efEbctive size and reduces its rate of clearance fiom 
the body. PBQs are commercially available in several sizes, aUowmg fiis circulattag half-lives of PEG- 
modified proteins to be tailored for mdividual indications through use of difibient size PEGS. Other 
documented in vivo benefits of PEG modification are an mctease m protein solubili^ and stability, and a 
decrease in protein immunogenicity (Katre et al., 1987; Katre, 1990). 

One known method for PEGylating proteins oovalently attaches PEG to cysteine residues usfaig 
cysteine-reactive PBGs, A number of highly speciiic, cysteine-reactive PBGs with different reactive groups 
(e.g., maleimide, vinylsulfone) and different size PEGs (2-40 kDa, single or branched chain) are 
^t neutral pH, these PEG reagents selectively attach to "fiee" cysteine residues, 
involved in disulfide bonds. Cysteine residues in most proteins participate in 
lot available for PEGylalion using cysteine-reactive PEGs. Through in vitro 
A techniques, additional cysteine residues can be introduced anywhere 
mto the protem. The newly added "firee" or "non-natural" cysteines can serve as sites for the specific 
attachment of a PEG molecule using cysteine-reactive PEGs. The added "ftee" or "n 
residue can be a substitution for an existing amino acid in a protein, added preceding the an 
the matore protein or after the carboxy-teiminus of the mature protein, or inserted between two normally 
adjacent amino acids in the protein. Alternatively, one of two cysteines mvolved m a native disulfide bond 
may be deleted or substituted wilt another amino aiad, leavmg a native cysteine (the cysteine residue m the 
protein that normally would form a disulfide bond with the deleted or substituted cysteine residue) ftee and 
available fijr chemical modification. Prefiaably flie ammo acid substituted for the cysteine would be a 
neutral ammo acid such as serine or ahnine. For exaniple, human growth hormone (hGH) has two disulfide 
bonds that can be reduced and attylated with iodoacetamide without impairing biological activity (Bewley 
et aL, (1969). Bach of flie four cystemes would be reasonable targets for deletion or substitution by another 
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Several naturally occmring proteins are known to contain one or more "free" cysteine residues. 
Examples of such naturally occurring proteins include human Interleukin (IL)-2 (Wang et al., 1984), beta 
interferon (Mark et al., 1984; 1985). G-CSF (Lu et al, 19S9) and basic fibroblast growth factor (bFGF, 
Thompson, 1992). lL-2, Granulocyte Colcmy^miilaling Factor (G-CSF) and beta interferon (1FN-|3) 
contain an odd number of cysteine residues, vriiereas basic fibroblast growth factor contains an even number 
of cysteine residues. 

Expression of recombinant proteins ccmtaining firee cysteine residnes has been problematic due to 
reactivity of the free sulfhydryl at physiological conditions. Sevraal recombinant proteins contaimng free 
cysteines have been expressed oytoplasmically, i.e., as intracelhjlar jnoteiiis, in bacteria such as E. coli. 
Examples mclude natural proteins such as IL-2, beta interferon, G-CSF, and engineered cysteine muteins of 
IL-2 (Goodson and Katre, 1990), IL-3 (Shaw et al., 1992), Tumor Necrosis Factor Binding Protein (Tuma et 
al., 1995), InsuUn-like Growth Factor-I (IGF-I, Cox and McDermott, 1994), Insulin-like Growth Factor 
binding protein-l (IOFBP-1, Van Den Berg et al., 1997) and protease nexin and related proteins (Braxton, 
1998). All of these piotems were predominantly insoluble when expressed mtracellularly in E. coli. The 
insoluble protnm were largely maotive and needed to be refolded in order to regain significant biological 
activify. In some cases the reducing agent ditWothreitol (DTT) was used to aid solubilization and/or 
refolding of flie insoluble proteins. Purified, refblded IL-2, G-CSF and beta interferon proteins are unstable 
and lose activity at physiological pH, appaiently due to disulfide rearangements involving the fi«e cysteine 
residue (Wang et al., 1984; Made et al., 1984; 1985; Oh-eda et aL, 1990; Arakavra et al., 1992). 
Rsplacement of the free cysteine residue in these proteins with serine, resulted in a protein that was more 
stable at physiological pH (Wang etal., 1984; Market al., 1984; 1985; AiakawaetaL, 1993). 

A second known msAod fin: e)^itessing recanbinant proteias in bactoia is to secrete them into the 
pettplasmicq)ace or into the media. It is known lliat certain recombinant proteins audi as GH are expressed 
in a soluble activs form when they are secreted faito the £ coS periplasm, vtsaees fiuy are insoluble vHiea 
raqnessed intraceUularly in E. coll. Secietian is achieved by fiisiqg DNA sequences encoding OH oc afbet 
protons of interest to DNA sequences encoding bactedal signal sequences si 

to et al., 1988) and ompA proteins (Obayeb et aL, 1984). Secretion of i 



proteins requites fiiat an N-terminal mettdonine be present at the 





ae is acconq)lished by adding an 

u The added N- 

id fmm the lecombinant protein, particularly if the recombinant 
protein is insoluble. Such is the case with hGH, where the N-terminal methionine is not removed when the 
protein is expressed intraceUularly m £. coli The added N-terminal mcthionme creates a "non-natural" 
protein fiiat potentially can stimulate an immune response m a human. In contrast, there is no added 
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in hGH that is secreted into the perq>lasiiiic space using stn (Chang et al, 1987) or ompA 
(Cheali et al., 1994) signal sequences; the recombinant protein begins with the native amino-tenninal amino 
acid phenylalanine. The native hGH protein sequence is mamfained because bacterial enzymes cleave the 
stn-hGH protein (or ompA-hGH protein) between the stn (or ompA) signal sequence and the start of the 
mature hGH protein. 

hGH has four cysteines that form two disulfides. hGH can be secreted into the S. coli periplasm 
using stil or ompA signal sequences. The secreted protem is soluble and biologically active psiung et al., 
1986). The predominant secreted form of hGH is a monomer with an apparent molecular weight by sodium 
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) of 22 kDa. Recombmant hGH can be 
isolated ftom the periplasmio space by using an osmotic shocit ptccedure (Koshland and Botstein, 1980), 
which preferentially releases periplasmic, but not intracellular, proteins mto the osmotic shock buffer. The 
released hOH protein is then purified by column chromatography (Hsiung et al., 1986). A large mmiber of 
GH mutants have been secreted into the E. coli periplasm. The secreted mutant proteins were soluble and 
could be purified using procedures similar to those used to purity wild type GH (Cunningham and Wells, 
1989; Fiih et al., 1992). Unexpectedly, when similar procediffes were used to secrete OH variants 
s; 2NH-1), it was discovered that certain recombinant GH 
!S when isolated using standard osmotic shock and 
ss developed for OR Veiy little of the mooomeEic GH variant protems could be 
id by non-reduced SDS-PAOE m the osmotic shock lysates. Insohible or aggregated OH variants 
have reduced biological activities conqxired to soluble, properly folded tiBR. Mefiiods for lefolding 
id Growth Hannone variants conlainiiig a free cystdne residue mto a biologicaUy active 
an described. 

A^ interferon (IFN-a2) also contains four cysteine residues that fonn two disulfide bonds. IFN- 
a2 can be seoeted into the B. coli periplasm using the stn signal sequence (Voss et at, 1994). A portion of 
flie secreted protein is soluble and biologically active (Voss et al., 1994). Secreted, sohible recombinant 
IFN-02 can be purified by column chromaJognqjhy (Voss et al., 1994). When similar procedures were 
attraifitBd to secrelB IFN-a2 variante conteining a fiee cysteine residue (five cysteines; 2N+1), it was 
■1 of the recombmant ]FN-a2 vaiianls were predominantly insoluble or formed 
pntificatioa procedures developed for IFH-a2. 
a IFN-a2 valiants have reduced biological activities compared to soluble, properly 
folded ]FN-a2. Methods for refolding faisoluble, secreted rFK-a2 variants containing a &ee cysteine 
residue mlo a biologically active finm have not been described. 

Human Oianulocyle Colony^thmilating Fhctor (G-CSF) contains five cysteine residues that form 
two disulfide bonds. The cysteine residue atpoatlon 17 m the mature protein sequence is iiee. Peies-Perez 
et al. (1995) reported fiiat G-CSP could be secieted mto the B. coU penplasm usmg a variant finm of fiie 
ompA signal sequence. However, very Uttle of the ompA-OCSF fiision protein was conectly piDcessed to 
yield midure 0-CSF. The percentage of conectly processed G-CSF could be improved by co-expressing the 
B. coli dnaK and dnaJ proteins m the host ceUs expressing the ompA-G-CSF fiision protem (Perez-PeiBZ et 
al., 1995). Correctly processed, secieted G-CSF was largely insoluble in all E. coli strains exammed ^erea- 
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Perez et al., 1995). Insoluble G-CSF possesses reduced biological activity coinjaied to soluble, property 
folded G-CSF. When similar procedures were attempted to secrete wild type G-CSF, G-CSF variants in 
which the fee cysteine residue was replaced with serine [G-CSF (C17S)], and G-CSF (C17S) variants 
containing a free cysteine residue (five cysteines; 2N+1) using ttie stn signal sequence, it was discovered 
that the recombinant G-CSF proteins also were predominantly insotoble. Methods for refoldmg insoluble, 
secreted G-CSF proteins into a biologically active foim have not been described. 

Human Granulocyte Macrophage Colony-Stimulating Factor (GM-CSF) contains four cysteine 
residues that form two disulfide bonds. Libbey et al. (1987) and Greenberg et al. (1988) reported that GM- 
CSF could be secreted into the E. coli periplasm using the orapA signal sequence. Correctly processed, 
secreted GM-CSF was insohible ( Libbey et al., 1987; Greenberg et al., 1988). Insoluble GM-CSF 
possesses reduced biological activity conqiared to soluble, properly folded GM-CSF. When sinular 
procedures were attempted to secrete GM-CSF variants containing a fixe cysteine residue (iive cysteines; 
2N+I) using ibe stti signal sequence, it was discovered that the recombinant GM-CSF proteins also were 
joedomhiantly insoluble. Methods for refolding msoluble, secreted GM-CSF proteins into a biologically 
active finm have not been described. 

US Patent No. 5,206,344 and Goodson and Katre (1990) describe ejqiression and purification of a 
cysteine substitiition mutein of lL-2. The IL-2 cysteine mutem wis insoluble when expressed intraoellularly 
in E. coli. The protein was soliibilized by treatment with a denaturing agent [either 10% sodium dodecyl 
siil&te (SDS) or 8M urea] and a reducing agent [100 niM ditiiiothreitol (DTT)], refolded and purified by 
size-wdusion chrtMnatograply and reveised phase HPIX:. Eiq)rBS8ion and pinfficat^ 
of IL-3 are described in US Patent No. 5,166,322. The lLr3 cystetaie muteins tSsa weie insobble when 
expressed intiBcellnlsrly in E. colL The proteins were solublilized with a denaturing agent (guanidme) and a 
reducing agent (DTT), leaided and purified by rewraed phase HPLC The purified lL-3 cysteine mutein* 
weirekq)! ma partially reduced state by indusion of DTT in the storage buffets. When the inventois used 
only a denaturing agent agent and a reducing agent (DTT) to denature and refold msohble cysteine muteins 
of GH and 0-CSF, it was discovered (bat the refiilded proteins were heterogaieous, comptising multiple 



ik et al. (1992) and Knusli et al. (1992) described conjugatian of wild 4ie OM-CSF w 
amine-ieactive PEC leagenls. The amine-PEOylaled GM-CSF comprised a heterogeneous mixture 



dififeient molecular weight PEO-OM-CSF spedes modified at multq)le amfaio add residues (Malik et aL 
1992; Knusli et al. , 1992). The various amine-FEOylated (9kI-CSF spedes could not be purified ftom each 
other or fiom non-PEGylated GM-CSF by convmtional ohiomatogmphy methods, whidi ptevented qiecific 
35 activity measurements of the various isofonns ftom bemg determined. Qaric et al. (1996) described 
conjugation of GH with amme-reactive PEGs. Anune-PEOylyated CH also was hetraogensons, comprising 
a mixture of mutiple molecular weight species modified at multiple anuno acid residues. The amme- 
PEGylated GR proteins displayed significantly reduced biological activity (Clark al, 1996). Monloush et 
al. (1997) described amine-PEGylated alpha mterfsron, which also comprised multiple molecular weight 
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In addition, the proteins can be derived fix>ni any an 
fann animals. The proteins also can be derived from plant species or microbes. 

Accordingly, the present invention encompasses a wide variety of recombinant proteins, and 
cysteine variants of these proteins. These proteins include members of the GH snpergene family, and 
cysteine variants of these proteins. The following proteins ("collectively referred to as the GH supergene 
femily") are encoded by genes of the GH supergene family (Bazan (1990;1991; 1992); Mott and Campbell 
(1995); Silvennomen and IMe (1996); Martin et al. (1990); Hannmn et al. (1994); Blmnberg et al., 2001): 
GH, prolactin, placental lactogen, erythropoietin (EPO), thrombopoietin (TPO), interleuldn-2 (IL-2), XL-i, 
IL-4, IL-5, IL-6, 11^7, lL-9, IL-10, IL-1 1, IL-12 (p35 subunit), TL-U, TL.15, lL-19. IL-20, IL-TIF, MDA-7, 
AK-155, oncostatin M, ciliary neurotrophic factor, leukemia inhibitory factor, alpha interferon, beta 
interferon, gamma interferon, omega interferon, tau interferon, granulocyte-colony stimulating factor (G- 
CSF), granulocyte-macrophage colony stimulating factor (GM-CSF), macnjphage colony stimulating factor 
(M-CSF), cardiofrophin-l (CT-1), Stem CeU Factor and the m/fUsl hgand. It is anticipated that additional 
members of the GH supeigene &mily will be identified in the future through gene cloning and sequencing. 
Members of ths GH supeigene ftmily have similar secondary and tettiaiy sfnictures, despite the fact that 
they generally have limited amino acid or DNA sequence identity. The shared structural features of 
members of the OH siqwigiaie ftmily, which are desctihed m Bazan (1990; 1991; 1992), Mott and 
Campbell (1995) and Sitvemioinen and Ihle (1996), allow new members of the gene family to be readily 
u the selective IL-2 antagonist described by Shasafett et al. 

(2000) also are en 

ie Hie expression, recovery and puiificaUon of additional 
s of the TGF-beta superfamily Members of Sie TGF-bela 
snperfimily mclude, but ate not limited to, glial-dsrived neurotrophic actor (GDNF), transfbrming growth 
ftctor-betal (TOF-betal), TCT-beta2, TGF-beta3, inbibin A. inhibin B, bone morphogenetio protem-2 
(BMP-2), BMP-4, inUbm a^ha, Mullerim inhibitmg substance (MIS), and OP-1 (osteogenic protein 1). 
ts of the TGF-beta sn 
IS of this fimily to be readil 

s. Typically a I 




IS of the TOF-beta mperfimily are described by 
Massague (1990), Daopm et al. (1992), Kingstey (1994), KuJ^ et aL (1998), and Lawton et al. (1997), 
incorporated herein by reference. 

hnmunoglobulm (Ig) heavy and li^ chain monomers also conlam cysteine residues Oat 
participate m intramolecular disulfides as well as fiee cysteines (Roitt et al., 1989 and Paul, 1989). These 
free cysteines normally only participate m disulfide bonds as a consequence of nndtimetizatiaa events such 
as heavy cham homodimerization, heavy chain - light chain heterodhnerization, bomodhnerization of flw 
(heavy chain - light chain) heterodimers, and other higher order assembUes such as penlametization of fl» 
(heavy chain - hght chain) heteroduners in tie case of IgM. Thus, the methods of the present invention can 
be en^iloyed to enhance die expression, teooveo' and purification of heavy and/or light chains (or various 
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domains thereof) of human immunoglobuUns such as for example IgGl, l£G2. IgG3, IgG4, IgM IgAl, 
IgA2, secretory IgA, IgD and IgE. and cysteine variants of these proteins or ftagments thereof. 
Immunoglobulins from other species could also be similarly expressed, recovered and purified. Proteins 
genetically fused to immunoglobulins or immunoglobulin domains, as described in Chamow & Ashkenazi 
(1996), could also be similarly e)q)ressed, recovered and purified 

A group of protems has been classed as a stnictural superfamily based on the shared structural 
motif termed Ibe "cystine knot". The cystine knot is defined by six conserved cysteme residues that form 
three intramolecular disulfide bonds that are topologically "knotted" (McDonald and Hendrickson, 1993). 
These protems also foim homo- or heterodimers and in some but not all instances dimerization involves 
intermolecular disulfide formation. Members of this family include the members of the TGF-beta 
BUperfemily and other proteins such as platelet derived growth factor-A (PDGF-A), PDGF-B, nerve growth 
factor (NGF), brain derived neurotrophic factor (BDNF), neurotrophin-3 (NT-3), NT-4, and vascular 
endothelial growth factor (VEGF). Cysteme blocking reagents also could enhance expression, recovery and 
purification of proteins with this structural moti^ and cysteine-added variants of diese proteins. 

The present methods also can enhance the expression, recovery and piuification of other 
lecoinbiiiant proteins and/or cysteine added variants of those proteins. Classes of proteins for which the 
present methods would be usefid include proteases and other enzymes, protease inhibitors, cytokines, 
;s, gonadotrophins, cl 

noglobulins, interleukins, 




antagonist, paratfayroid homnne, growth bannone isk 
VEOF receptor, protease nexm and anti-thrombm TO. 

06m protein vuianb that would benefit fiom PEGylatian and would tbav&ie be reasonable 
candidates for cysteine added modifications inchide proteins or peptides with poor solubilily or a tendency 
to aggregate, proteins or peptides that are susceptable to proteolysis, proteins or peptides needing infioved 
mechanical stability, proteins or peptides that are cleared rapidly flxm the body, or proteins or pqitides wifli 
undeshable immunogenic or antigentic pn^wrties. 

If desired, cysteine and other amino acid muleuis of fliese protons can be generally constructed 
using site-directed PCR-based mutagenesis as decribed in the Examples below and in PCTAJS98/14497 and 
PCT/USOO/0093, each of which is incorporated by refbrence in its entirety. Methods for constructing 
muteins usmg PCR based FOR procedures also are described in general m Methods in Molecular Biology, 
Vol. 15: PCR Protocols: Current Methods and Applicalions edited by White, B. A. (1993) Humana Press, 
Inc., Totowa, NJ and PCR Protocols: A Guide to Methods and Applications edited by Innis, M. A et al. 
(1990) Academic Press, Inc. San Diego, CA. 

Methods known in the art can be used to induce expression of a protein in the cytoplasm or to 
direct seerelian of ttje protein, depending on cell origin, including, for example, die mefliods described in 
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the Eunvles below. A wide variety of signal peptides have been used suceessfiilly lo transport proteins to 
the periphsmic qwce of B. coU. Exaiqiles of these include pK*aiyotic signal sequences such as ompA. 
Btn. PhoA signal (DeneOe et al, 1989), OmpT (Johnson et al.. 1996), LamB and OmpF (Hoffman and 
Wright, 1985), beta-lactanuse (Kadonaga et al, 1984), enterotoxins LT-A, LT-B (Motioka-Fujimoto et al., 
1991X and protein A fiom S. aureus (Abrahmsen et al, 1986). A number of non-natural, synthetic, signal 

Next, fte host cell is lysed. Cell lysu can occur prior to, or coincident with, the solubilization 
procedures described below. Cdl Ijisis can be accompUshed by, for example, mechanical sheer sudi as a 



treatment, organic tolvnus, freeze thaw, grinding with alumina or sand, treatment with a denaturing agmt as 
defined below, and the like (Bollag et al., 1996). OptionaUy, the celts can be lysed in the presence of a 
denaturing agent, a disulfide teducbig agent, or a t^eine^ilocUng agent Optionally, insoluble or 
aggregated material can be separated fiom soluble proteins by various methods such as centrifugation, 



Next the insohible or «ggiegated material (or whole cells without prior lysis) Is rendered soluble or 
by expo8u« the insoluble or aggregated material (or whole cells without prior lysis) to a 



IS faiclude urea, guandme, aiguime, sodujm thiocyanate, exltemes in pH (dilute ac 
gents (SDS. satkosyl ), salts (chlorides, nitrates, thiocyanates, cetyhnethylami 



amino-2-methyl-l-propanal or other alcohohi, DMSO, DMF) or strong anion exchange lesins such as Q- 
Sq)harase. Useflil concentrations of urea arc 1-8 M, witii S-8 M be 




n a reversibly blocked free cysteine residue. Use 
of a disuUide-icAicing agent that also is a cysleuie blocking agent during the solubUization step reduces the 
number of compounds and steps required m the oveiaU process for refolding the insoluble or aggregated 
protein to a soluble, active form. Furthermore, use of a cysteine blocking agent results in a fonn of tiie 
reiblded protein that is suitable for derivatization at the fiee cysteme residue usuig variuos cysteine-ieactive 
moieties and pnocedutes described below. PrefenAly, the pH of the denaturation/reduction nuxtaire is 
between pH 6 and pH 10. 

The next step in the procedure is to refold the protein to obtain the protein's native conformation 
and native disulfide bonds. Reiblding is achieved by reducing die concentrations of tiK denaturing agent 



wed throu^ dialysis, dilution, gel fitration, precipitation of the protein, or by 
in followed by buffer washes. Conditions for this stqi are chosen to allow for 
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m of the protein's native disulfide bond(s). Tliis can be accomplislied through addition of an 
oxidizing agent, or a redox mixture of an oxidizing agent and a reducing agent, to catalyze a disulfide 
exchange reaction. Preferably, a reagent or combination of reagents are chosen that result in native disulfide 
bond formation and a reversibiy blocked flee cysteine nsichie, Le., the reagent or combination of reagents 
acts as cysteine blocking agents. Examples of useful oxidizing reagents include oxygen, cystine, oxidized 
glutathione, cystamine, and dithioglycoUc acid. Bxanqjles of usefiil redox mixtures include 
cysteine/oxygen, cysteine/oystine, cysteine/cystamme, qrsteamine/cystamme, reduced glutathione/oxidized 
glutathione, and the like. Optionally, a reducmg agent such as DTT or 2-mercaptoethanol can be added to 
the refold mixhire to promote disulfide exchange. Optionally, a metal ion such as copper (Cu") or cobalt 
(Co**) can be added to the refold mixture to promote proton oxidation. Useful concentrations of metal ions 
m the refold mbtture are 1 ;tM to 1 mM, with 40 \M being a preferred concentration. Preftiably, ths pH of 
file refold mixture is between pH 6 and pH 10. 

Alternatively, the insoluble or aggregated matraial (or whole cells without prior cell lysis) is 
rendered soluble or monomeric through the use of a denaturing agent and a disulfide reducing agent that 
may or may not be a cysteine blockmg agent. UsefiU denaturmg agents include, but are not limited to, those 
described above. Exanqiles of usefiil disulfide reducing agents incbide, but are not limited to, DTT, 2- 
merc^toethmol. sodium boioiiydride, tertiary pbospUnes and thioUi such as cysti 




te convounds containing disulfide linkages such as cystine, cystamine, 
oxidized glutaflriode, dilhioglycolic add, 5,5'-dithiobisC24iitrobenzoic acid (EUman's reagent), pyridine 
disulfides, compounds of the type R-S-S-Ca-OCHj.where R is an organic confound , other derivativeB of 
2S cystine such as difbmqrlcystiae, diacetylcystins, diglycylcystine, dialanylcystins diglutamiiqrlcystine, 
oystiiiyldiglycine, cystinyldiglutamine, dialanylcystine dianhydiide, cystnie phenylhydantoin, homocystine. 



ilycolic acid or other 

thiol. Prefenably, a reagent or cambination of reagents are chosen that result in native disulfide bond 
formation and a reversibiy blocked fiee cysteine residue. Optionally, a metal ion such as copper (Cu**) or 
cobalt (Co"), can be added to the refold mixture to promote protein oxidation. Optionally, glycool can be 
added to the refold mixture to increase the yield of refolded protein. Usefiil concenhations of glycerol m tiie 
35 refold mixture are 1-50% (volume/volume), with 10-2094 being a preferred range. Preferably, the pH of the 
refold mixture is 6-10. 

Although not wishing to be bound by any particular theory, it is believed that the cysteine blocking 
agents used in the present methods covaleutiy attach to the "ftee" cysteine residue, fiaming a mixed 
disulfide, thus stabilizing the free cysteine residue and preventing multunerization and aggregation of the 
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protein. A number of thiol-reaotive compounds can be used as cysteine blocking agents to stabilize proteins 
containing free cysteines. In addition to cysteine, cysteamine, thioglycolic acid and reduced glutathionine, 
cysteine blocking agents can also include reagents containing disulfide linkages such as cystine, cystamine, 
dithioglycoUc acid, oxidized glutathione, 5,5'-dithiobis(2-nitrobenzoic acid (Ellman's reagent), pyridine 
disulfides, compounds of the type R-S-S-CO-OCH, , other derivatives of cystine such as difonnylcystine, 
diacetylcystme, diglycylcystine, dialanylcystine dightaniinylcystine, cystinyldiglycine, cystinyldiglutamine, 
dialanylcystine dianhydride, cystine phenylhydantoin, homocystme, dithiodipropionic acid , 
dimethyloystine, or any difhiol or chemical capable of undergoing a disulfide exchange reaction. Sulfenyl 
halides can also be used to prepare mixed disulfides. Other thiol blocking agents that may find use in 
stabilizing protems containing fiee cysteine residues include compounds that are able to reversibly react 
with free thiols. These agents include certam heavy metals salts or organic derivatives of anc, mercury, and 
silver. Other mercaptide forming agents or reversible thiol reactive compoundB are described by Cecil and 
MePhee(1959) and Torchinskii (1971). 

Optionally, the re&lded, soluble protein containmg a free cysteine residue is recovered and isolated 
from otlier pioteini in die sohible fraction of the refold mixture. Such recovery and pii 

id by diose sldUed in the art, mcluding, fbr exatnple, cenlrifiigation, filtration. 




ilemefliGdforthete 
d, in part, on the ptopetties of the jnotein and the intended nse. 
The present invention also provides novel methods for produdng bi 

Id type O-CSF, Q-CSF (C17S). and GMSF and (KSF (C17S) va 



These novel methods mdude secretii^ the G-CSF proteins into the E. coli perqilaam using the sOI signal 
sequence, denaJurmg and refolding the msoltible or aggregated O-CSF pioteina, and purifldng the soluble, 



li. Published leporte (Pererf-erez et al., 1995) describe secretion of G- 
CSF into the E. coli pet^ilasm usmg a modified on^ leader sequence. However, very little of the 
expressed ompA-G-CSF flision protem was properly processed to yield mahHB G-CSF. The pensenlage of 
properly processed G-CSF proteins could be inraeased to 10-30% of total oqiressed G-CSF protons by co- 
expression of the E. coli dnaJ and dnaK protehis. In aU cases, the secreted G-CSF proteins were largely 
msoluble and biologically inactive. The methods of the present mvention yield at least 80-100% properly 
processed G-CSF proteins and do not require co-«)q)ression of the dnaK and dnaJ proteins. The piesent 
invention also provides, for the first time, methods for denataring and refoldmg the insoluble, secreted G- 
CSF proteins into a biologically active form. 

The purified protems obtained according to these methods can be further processed if desired. For 
example, the isolated proteins can be modified at the free cysteme residue with various cysteine-reactive 
moities. For example, ttie proteins can be PEGylated at the free cysteine readue with various cysteine- 
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reactive PEG reagents, and subsequently purified as monoPEGylafed proteins. Tlie tenn "monoPEGylated" 
is defined to mean a protein modified by covalent anactnnent of a single PEG molecule to the protein. Any 
method known to those sldUed in the art can be used tx> purify the PBQylated protein ftom unmodified 
protein and unreacted PEG reagents, including, for example, ttie mefliods described in the Examples below, 
and in PCT/US98/14497 and PCT/US0O/D0931. Examples of other useful cysteine-ieactive moieties are 
cysteine-reactive dextrans, cysleine^Bactive caibohydiales and cyBteme-reactive poly (N- 
vinyIpyiiolidone)s. 

The present invention also provides methods for PBGylating cysteine muteins of GH, G-CSF, GM- 
CSF, alpha interfiamn and other proteins containing 2N + 1 cysteine residues, and other proteins containing 
2N cysteine lesidiies where two or more of the cysteine residues are firee, particularly those rautems and 
proteins in which the fiee cysteine residue is blocked by a mixed disulfide. 

The present invention finther relates to purified, monoPBGylated protein variants produced by the 
methods disclosed herem that ate not only biologioally active, but also retain high specific activity in 
prolemMlependent mammalian cell proliferation assays. Such protein variants mclude, for example, 
purified, monoPBGylated cysteuie mnteins of G-CSSF, GH, GM-CSF and IFK-a2. For exanqjle, the in vilro 
biological activities of certam of the monoPBGylated Q-CSF variants described herein are 3- to 50-fold 
greater than the biologioal activity of G-CSF that has been PEGylated using amine-nsactive KHS-PEG 

There are over 25 distinct IFN-a genes (Pestka et al., 1987). Membets of the IFN-a family share 
varying degrees of amino acid homology and exhibit overlapping sets of biological activities. Non-natuial 
recombinant IFN-oa, created through joining together regions of different IFN-a proteins are in various 
stages of clinical developmeiit (Horisbetger and DiMareo, 1995). A non-natural "consensus" interferon 
(Blatt et al., 1996), nAich mcotporatBS the most common amino acid at each position of IFN-a, also has 
been described. The methods of the present kvention also aie usefhl fbr refolding otiier alpha interferon 
^esandnon-naturalalphaintetfironpratehiscontatahigBfisecysteineresidue. UsefiU sites and regions 
for PBGylating cysteine mutems of IFN-gi2 are ditectiy i^icable to ofiier msmbeis of file IFN-a gene 
femily and to non-natural IFN-oa. EinsOer et al. (1996) described monoPBGylated consensus mteiftron in 
n^iich the protein is preferentially mono FBOylated at file N-tominal, non-natiiml mBtiiionhw residue 
through amine or amide Ihikages. Bioactivily of flie PBGylaJed protefai was reduced apptaxfanately 5-fold 
rehtive to non-modified consensus mterfbron CKinstler et al., 1996). 

In one embodfanent of the monoPBGyhrted G-CSF, tiie polyethjteie glycol is attached to flie regim 
proxhnal to Helix A of G-CSF and the resulting mtmoPBGylatBd G<SP has an EC» less flian about 1000 
pgAnl (^proximately 50 pM), pteftrably less than about 100 pgAnl (approxunaWy 5 pM), mote preferably 
less than about 20 pgtail (appmxhnafely 1 phiQ and most prefirably less flm about about 15 pgtol 
(qiproximately 0.7 pM). Alternatively, tiie polyethylme glycol moiely can be attached to «» C-D loop of 
G-CSF and the resulting monoPBGylated G-CSF has an BOh, less tiian about 1000 pgtol (apptoxmiateb' 50 
pM). preferably less flian about 100 pg/ml (approxhnalely 5 pM), more prefwably lets than about 20 pgfal 
(proximately 1 pM) and most preferably less than about 15 pgTml (qjproxunately 0.7 pM). Alternatively, 
1 moiety can be attached to the region distal to Helix D of 
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monoPEQylated G-CSF has an BCs, less than about 1000 pgftnl (approximately 50 pM), preferably less 
than about 100 pg/tnl (approximately 5 pM), more preferably less than about 20 pg/ml (approximately 1 
pM) and most preferably about 15 pg/ml (approximately 0.7 pM). Kinstler et al., (1996) described 
monoPEGylated wild type G-CSF in which the protein is preferentially monoPEQylated at the N-termmal, 
5 non-natural methionine residue through amine or amide linkages. Bioactivity of the monoPEGylated G-CSF 
protein was reported to be reduced approximately 30% relative to non-modified G-CSF, althou^ ECjoS 
were not provided (BCinstler et al., 1996). Kinstler et al. (1996) did not delennine whether modifying other 
amino acids in the region proximal to helix A in G-CSF with PEG resulted in biologioally active G-CSF 
proteins. One purpose of the present invention is to disclose other amino acid positions ia the region 

10 proximal to Helix A, and other regions, in G-CSF where PEG can be attached, resulting m biologically 
active, monoPEGylated G-CSF proteins. 

fc one embodiment of the monoPEGylated GM-CSF. the polyethylene glycol is attached to the 
region proxunal to Helix A of GM-CSF and the resulting monoPEGylated GM-CSF has an ECjo less than 
about 14000 pg/ml (approximately 1000 pM), preferably less than about 1400 pgfal (approximately 100 

15 pM), more preferably less than about 280 pg/ml (approximately 20 pM) and most preferably less than about 
140 pg/ml (approximately 10 pM)). Alternatively, the polyefliylene glycol moiety can be attached to the B- 
C loop of GM-CSF and die resulting monoPEGylated GM-CSF has an ECw less than about 14000 pgtol 
{appKKimately 1000 pM), preferably less fiian about 1400 pgftnl (qipiDximatBly 100 pM), more preferably 
less than about 280 pg/ml (aj^roximatBly 20 pM) and most prefoddy less than about 140 pg/ml 

20 (i^jproximately 10 pM}). Altematively, the polye%kns giycol moiety can be attached to the C-D loop of 
GM-CSF and flie resulting monoPEGylated GM-CSF has an EQo less dun about 14000 pgiinl 
(appraximately 1000 pM). preferably less than about 1400 pgtol (approximately 100 pM), more preferably 
less than about 280 pg/jnl (appraximately 20 pM) and most pnsfisably less than about 140 pgtal 
(q>proximately 10 pM). 

25 In one en*odiinent of ttonionoPEGylBled cm, the polyethylene ^b™ltaattadied to the region 

proximal to Helix A of OH and the resulting monoiPBaylated OH has an BC» leas than about 2000 ng/ml 
(appraximately 100 nM). preferably less tiian about 200 ng/ml (qiproximatefy 10 nM), mme preferably less 
dum about 20 ngAnl (approximately 1 nM) and most pietraably less than about 2 ngAnl (appioxiniately 0.1 
nM). 

30 The present invention fiittiiei provides protein variants Oat can be covalenUy attached or 

conjugated to each oflier or to a chemical groqp to produce higher order midtimers, such as dimers, trimers 
and tetnuners. Such higher order multimers can be produced according to methods known to dune skilled 
ia the art or as described in Examples 2 and 20. For example, such a coqugation can produce a GH, O- 
CSF, GM-CSF or alpha IFN adduct having a greater molecuhir weight than die conesponding native 

35 protein. Chemical groups suitable for coupling are preferably non-toxic and non-inanunogenic. These 
chemical groups would include carbohydrates or polymers such as polyols. 

The 'TEG moiety" useful for attaching to the cysteine variants of the present mvention to form 
"PEGylated" proteins include any suitable polymer, for example, a linear or branched chained polyol. A 
prefened polyol is polyefliylene glycol, which is a synttietic polymer composed of ^lylene oxide units. The 
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etiylene caide units can vary such that PBGylated-protem variants can be obtained with apparent molecular 
weights by size-exclusion chromatography ranging fiom approxnnately 10,000 to greater than 500,000 kDa. 
Hie size of the PEG moiety directly impacts its circulating half-life (Yamaoka et al., 1994). Accordingly, 
one could engmeer protein variants wifli differing circulating half-lives for specific therapeutic applications 
or preferred dosing regimes by varying the size or shncture of the PEG moiety. Thus, the present invention 
encorqiasses GH protein mlants having an apparent molecular weight greater than about 30 kDa, and more 
preferably greater ttian about 70 IdDa as deteimined by siss exclusion chromatography, with an EC50 less 
flian about 400 sg/mi (18 nM), preferably less flan 100 ngftnl (5 nM), more preferably less than about 10 
ngftnl (0.5 nM), and even more preferably less than about 2.2 ngtol (0.1 nM). The present invention fiirtfaer 
encompasses G-CSF protein variants having an q^nrent molecular weig^it greater dian about 30 kDa, and 
more preferably greater than about 70 kDa as determined by size exclusion chromatogn^ihy, with an BCm 
less ftan about 100 ngAnl (5 nM), preferably less than 1000 pgfal (SO pM), more piefciably leas than 100 
pg/ml (6 pM), and even more preferably less than about 15 pgi-ml (0.7 pM). The piesent mvention further 
encompasses a^ha IFN (IFN-a) protem variants having ai 
KDa, end more preferably greater than about 70 kDa as de 



r J o ' ' " "° "wwrtiuMiwi auja WMUnmni uuumaiograpny, wim 

an Id) leas than about 1900 pg/ml (100 pM), preferably less than 400 pgtal (21 pM), more preferably less 
than 100 pgAnl (5 pM), and even more preferably less than about 38 pgAnl (2 pM). The piesent mvention 
flirtber encompasses OM<SF protem vaiianis havmg an apparent molecular weight greater than about 30 
KDa, and more preferably greater than about 70 kDa as detenmned by size exclusion chromatography, with 
an ECjo less than about 14,000 pgAnl (~100O pM), preferably less than 1400 pgAnl (-100 pM), more 
I»«fciably less than 280 pgM (20 pM), and even more preferably less than about 140 pgtal (~ 1 pM). 

The reactive PEG end gioup fbr cysteme modification inchides but is not Ihmted to vinylsulfone, 
VI moieties, llis PEG end group should be specific fbr thiols with die reaction 




phosphorylation or other attached groups fbund on oa 

The compounds produced by the piesent methods can be used for a variety of to vitro and to vivo 
uses. The proteins and flwir derivatives of the jmssent mvention can be used fbr research, diagnostic or 
therapeutic purposes that are known for their wildtype, natural, or previously known modified counteiparts. 
In vitro uses include, for example, the use of the protein for screening, detecting an 
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nature of the protein to be administered, the condition to be treated, potential patient coti5)Iiance, the age 
and weight of the patient, and the like. The Maniounds of the present invention can also be used as delivery 
vehicles for enhancement of the ouroulating half-life of Hie fhernpeutiss that are attadied or ftr directing 
delivery to a specific target within the body. 

The following exanqiles are sot intended to be linitiog, bat only exemplary of specific 
embodimenls of tlw invention. 



Refolding of the Growth Hormone Mutein T3C 

Methods for eiqiressing, purifying and detennining the in vitro and in vivo biological activity of 
recombinant human Growth Homione (hGH) and hGH cysteine nniteins are described in PCTAJS98/14497 
and PCT/US/00/00931. Methods foi conshncting oysteme muteins of hGH also ate described in 
PCTAJS98/I4497 and PCr/USAKV00931. One ptefisrred method for expressing hGH in E. coU is to secrete 
the protem into the periplasm using the STD leader sequence. Secreted hGH is soluble and can be puriiied 
by column chromatography as described in PCT/USOO/0093I. Certam cysteine muteins of hGH remain 
insoluble when secreted into the E. coli periplasm usmg the STH leader sequence. Procedures for refoldmg 
insoluble, secreted hGH proteins have not been described previously. The foUowing protocols were 
devek^ed to refWd insohible hGH cysteine mutians into a biologicaUy active fbrm. 

The insoluble OH T3C mutem (threonine at position 3 changed to cysteine; described in 
PCr/US98/I4497 and PCT/USA)(V00931) was aq>iessed in E. coli as a protein secreted to the petiplasmio 
space usmg the sOI leader sequence as described m PCT/USOO/00931. The T3C protein was solubUized 
and refolded using die foUowing two pmceduies, both of which use cysteine as a reducmg agent and as a 
cysteine blocUng agent to stabilize the ftee oysteme residue. Cultuies (200 ml) of an £. coli strain 
expressing the T3C mutem were grown and eiqiression of T3C was induced as described in 
PCT/USOart)0931. The cells were lysed and the insoluble portion was isolated by cenlrifugaHon as 
described in Exanqite 14. The insotuble material containing T3C was dissolved in 20 niL of 8 M urea, 20 
mM cysteine, 20 mM Ttis pH 9 and tnixed by shaWng for 1 hour at room temperature. The sotobili^ 
mixtinfe was next divided into two, with half bemg diluted into 50 mL of 10% glycerol, 20 mM IWs, pH 8 
and flie other half being dihited into 50 mL of 0.5% TWEEN 20, 20 mM TWs, pH 8. The refolds were held 
at 4°C for 24 hours before bemg clarified by cenbtfUgatioa and loaded onto a 5 mL Q-Sepharose Hi Tap 
column previously equiUbrated m 20 mM Tria, 0.5% Tween 20, pH 7.6. Refolded, sohible T3C was ehited 
fixan the cohmm during a 20 column vohime gradient of 0-300 mM NaC in 0.5% Tween 20, 20 mM Tria 
pH7.6. Recovered column fiactions were analyzed by non-reducing SDS-PAC8B. ^ 
at around 160 noM NaQ. Approxfanately 790 Mg of mononietic T3C were re 
contaming glycerol to the reaaturation buflSer. Apprommately 284 ng of mouomeric T3C was recovraed 
Aran flie refold viihen Tween 20 was presoit m the renatuiation buffer. The results mdicate that soluble, 
monomeric T3C protem can be obtained using either refoldAenaturation procedure. Based on the greater 
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a, glycerol was used as a stabilizing agent in subsequent refold 



Example 2 

Comparison of reducing agents used to refold the Growth Hormone T3C Mutein 
Cultures (200 mL) of an E. coll straii expressing the T3C mutein were grown and T3C expressed 
as described in PCT/USO(V00931. Insoluble T3C was isolalsd by lysing the ceUs with deteigentlysozyme 
treatment of the cells as desoiibed in Eiampte 5 and 14 . This material was suspended in 20 mL of 8 M 
urea, 20 mM Tris pH 9 and aliquoted into 3 tubes. No reducing agent was added to the first tube ("Refold 
A"), 5 mM DTT was added to the second tube CRefold B") and 20 mM cysteine was added to the third tube 
CRefbld C^. After one hour of mixing at room tenqKiatur^ the solubilizations were diluted into 30 mL of 
10% glycerol, 20 mM Tria, pH 8. The refolds were held at 4°C overnight The next day, the refolds were 
clarified by centri&gation and loaded onto 5 mL Q-Sepharose Hi Trap colmnns as described in 
PCT/USOO/00931. Recovered fraclionB were analysed by non-reducing SDS-PAGE. The T3C protein 
recovered fixnn "Refold A" (no reducmg agent) eluted as several broad peaks from the Q-Sepharose 
cohmm. By SDS-PAOE, ttie recovered protein product had some mouomeric T3C protein present, but 
coiOTStBd mostly of aggregated T3C dhneis (eh>ting at 210 mM KaCl) and T3C multnncrs (eluting between 
300 niM to 1000 niM NaQ). Fmal recoveries of numomerio and duneric T3C proteins are shown in Table 
1. The T3C protein recovered fiom "Tlefold B" (with 5 mM DTT) eluted as a single bioad peak from the 
Q-Sepharose column, but was heterogeneous by nottteducing SDS-PAGE analysis. The mommietic T3C 
band was much broader than flu pltuitaty hCHI band and eonqnised a nnnte of difibteot mdecu^ 
monomeric spedes, which probably represent difSaent disulfide isofotms of T3C. A smaU amount of 
dimericTSC protein was also detected in several of the fiactions. TtefoldC (with cysteine as fteieducmg 
agent) yielded mainly monomeric T3C profem, wbidi qipeered to be a stegle homogenBoua species, as 
evidenced by the sharpness of the peak etotiag fi»m the (^Sqiharose colunm al 160 nM NaCl and by the 
sharpness of Os protein band at the conect molecular wei^ (relative to ilie standard pttuitaiy hOH) wfaoi 
analyzed by non-«ducing SDS PAGE. Fmal recoveries of monomeric and dimeric forma of T3C ftom 
each of the refolds are given in Table 1. The data indicate that solubOizmgitefidding die T3C protein in the 
presence of cysteine resulls m greater yields of soluble monomeric T3C protem than does 
solubilizing/refolding the protein in file absence of a tedudng agent or in the presence of DTT. The tesults 
also mdioate that soIubilizing4efolduig flw T3C protein in the presence of cysteine yields a mote stable, 
homogeneous preparation of sohible, monameric T3C protein than does sohibilizineMblding the' protein in 
the absence of a reducing agent or m the presence of DTT. 
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Recoveries of T3C Proteins Prepared Using Various Refold Procedures 



Refold 


Reducing Agent 


Monomerio T3C protein 
Yield M- 


Dimeric T3C protein 
Tieldfusr 






30 


120 


B 


StnMDTT 


370 


2J 


C 


20 mM CvatBinfi 


534 





mmc T3C laoteiii Mcovered fiwn ths Retold B, vrfuch contained DTT in the 
re, can be converted to stable, disulfide-linlcBd bomodimeric T3C protein by placing the 
protein under conditians that allow for disulfide bond ibrmation. These mchide conditioiis vriiere an 
roddizmg agent is added to Sk protein, or by the addition of a second disuifid»-linked le 




The soluble, refolded GH cysteine mutems prepared acco 
Examples 1 and 2 can be purified by various chromatogrrohy procec 
These chromatographic procedures include ion exchange, size exdi 
metal chelation afTmity chromatographies (MAC), Size Exclusion CJironiatograpliy (SEQ , Bavetaed Phase 
chromatography or a combmation of these techniques. As one example, the GH muteins can be capbued 
ftom die soluble ftaction of the refold mixture usmg a Q-Sepbarose fast flow resra (Pharmacia) equilibrated 
in 20 mM Tris-HCl, pH 8.0. The cohmm can be washed with 20 mM Tris-HCl, pH 8.0 and bound proteins 
eluted with a Imear 10-20 volume mcreasmg salt gradient ftom 0 to 250 mM NaCl in 20 mM Tris-HCl, pH 
8.0, Optionally, Glycerol (10% final concentration) can be added to the colunm buffers. Fractions 
containhig the hGH muteins can be identified by SDS-PAGE and Western blotting. Alternative resms that 
can be used to capture hGH muteins ftom the soluble fiaction of the lefold/renaturation mixture mclude 
HIC, other ion exchange resins or affinity reains. 

The cysfeme muteins can be purified fijtlher by Iqrdrophobic interaction chromatography. Q- 
Sepharose column fractions containmg the GH muteins can be pooled and NaCl added to a final 
concentration of 2 M. The pool can be loaded onto a Butyl- S^harose fest flow resm previously 
equilibrated m 2 M NaCl, 20 mM sodhnn phosphate, pH 7,5, OH mnteins can be eluted from the resin 
using a reverse salt gradient ftom 2 M to 0 M NaQ m 20 mM phosphate, pH 7.5. Fractions containing tiie 
GH mutems can be identified by SDS-PAOB and Westem blottmg, and pooled. Alternatively the Q- 
sepharose ftactions containrng the OH mutemes can be pooled and ammonimn sulfite added to a final 
coiKenbationof2M before being loaded onto a Pheiofl -Sepharose column. The GH muteins can be 
eluted ftom the resm udng a revase salt gradient ftom 2 M to 0 M ammonium sul&te m 20 mM sodium 
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phosphate, pH 7.5. Fractions containing the GH muteins can be identified by SDS-FAGE and Western 
blotting, and pooled. 

If fiirfher purification is desired, the fflC pool containing the GH muteins can be loaded directly 
onto a nickel chelating resin (Qiagen) equilibrated in 10 mM sodium phosphate, 0.5 M NaCl, pH 7.5. 
Following a wash step, the GH muteins can be recovered using a 0 - 30 mM imidizole gradient m 10 mM 
sodium phosphate, 0.5 M NaCl. pH 7.5. OH has a high affinity for nickel, presumably through the divalent 
metal-binding site formed by H18, H21 and E174. As a result, GH can be obtained in hi^y pure fonn 
using a metal chelation column (Maisano et al., 1989). The GH muteins wB bind tighfly to ttw nictel 

copper chelating column may be used in place of a nick 
Biological activities of the purified CjH c 
prolifiration assay described in PCT/OSOO/00931. 
Bradford dye bmding assay (Bio-Rad Laboratories). 

The T3C mutein was purified as follows. A 600 mL culture of £. coll was grown and T3C protein 
expression induced as described above. Insoluble T3C was isolated by treating the cells with a 
detergent/lysozyme mixture (B-Per'", Pierce) as described in Examples 5 and 14. The insoluble material 
was suspended in 40 mL of 8 M urea, 20 mM Tria, 20niM Cysteine, pH 9. After one hour of mixing at 
room temperature, the solubilization mixture was diluted into 200 mL of 15% glycerol, 20 mM Tris, pH 8, 
40 nM copper sulfate. The refold was held at 4°C overnight The next day, the refold was clarified by 
centiifiigation and loaded onto a 5 mL Q-Sephatose Hi Trap column equilibrated in 10% glycerol, 20 mM 
Tris, pH 8. T3C was recovered by ehition with a 20 column volume gradient ftom 0-250 mM NaCl in 20 
mM Tris, pH 8, 10% glycerol. Recoveied fiactimis were analyzed by non-reducing SDS-PAGB. Fractions 
containing predominantly T3C protein of the correct apparent molecular weight were pooled. Pooled 
fractions yielded 4.6 mg of purified T3C protein. This material was used for the PEQyIation studies 
le 3. Biological activity of the purified T3C protein was measured in the GH-R4 cell 
Id 2 and PCr/US98/14497 and PCT/OSOO/00931. TheT3C 
od proHfstation of the QH-S.4 ceUs wifli an BCm of 1.35 ngAnl 
Othei cysteine muteins of GH that were ]»epaied by this procedure indude •-IC, P2C, P5C 
K3gC, Q40C K41C, SSSC, S57C T60C, Q69C N72C N99C, LIOIC, V102C, Y103C DISOC, S132C, 
P133C, R134q. T13SC, Q137C K140C, Q14IC. T142C, Y143C K14SC, D147C, N149C, S150C HISIC; 
NI52C DIS3C, E18SC, and 01870 Biological activities of certain of die pnrified Gfl cyateine muteins 
were measuied in the GH-R4 caU proliftralion assay described in PCTAJSOO/00931. The observed ECsoS 
for muteina *-lC, P2C, P5Q, K38C. Q40C S55C, N99C. LlOlC, V102a Y103C. P133C, Q137C, K140C. 
yi43C. D147C, N149C E186C, and G187C langed from 0.7 ng / mlto 2.2 ng / ml . Hjese vataes are all 
nearly equivalent to the observed BQoS fbr wild type GH controls in these assays wtlch ranged from 0 J ng 
/mlto 1.5 ng/ml. 
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General Methods for PEG^ition and Pnrtfytaig PEGylated Forms of Proteins Containing Free 
Cysteine Residues 

Proteins conlaining ftee cysteine residues can be PECJylated using a variety of cysteine-reactive 
PEG-maleimide (or PEG-vinyisuiane) reagenls that are conunercially available. The recombinant proteins 
are generally partially reduced with dilfaiothreitol (DTT), Tris (2-carboxyethyl) phosphine-HCl (TCEP) or 
some other reducing agent in order to achieve optimal PBGylation of flie free cysteine. The free cysteine is 
relatively unreactive to cysteine-ieaotive PBGs unless this partial reduction step is performed. The amount 
of reduomg agent required to partially reduce each mutein can be determined empirically, using a range of 
reducing Rgent concentrations at different pHs and temperatures. Reducing agent concentrations typically 
vary fiom 0.5 equal molar to 10-fold molar excess. Preferred temperatures are 4'C to ST'C. The pH can 
range ftom 6.5 to 9.0 but is preferrably 7.5 to 8.5. The optimum conditions will also vary dqiending on the 
lednetant and. time of exposure. Under fl»e propei- conditions, the least stable disulfides (typically 
id disulfides) are disrupted first rather than the more theimodynamically 
». IVpioaUy, a 5-10 fold molar excess of DTT for 30 minutes at room temperature is 
Ml can be detected by a slight shift in the elution piofile of the protein from a 
revsrsed'f)hase column. Partial lednction also can be delected Ijy a slight shift in ^parent molecular weight 
by non-reducing £!DS-PAGE analysis of the protein sample. Care must be taken not to "over-reduce" the 
protem and expose additional cysteuie residues. Over-reduction can be detected Ijy reversed phaae-HPLC 
(the ovBPieduced protem will have a retmtion time similar to the flilly reduced and denatured protein) and 
by the qipeatance of protein molecules containing two PBGs following the PBGylrtion reaction (detectable 
by an uppiaent molecular weight change on SDS-PAGE). In the case of cysteine muteinB, the corresponding 
wild type protem can serve as a control since it should not PEGylate under conditions fliat do not reduce the 
native mtramoleculai disulfides. Excess reducing agent can be removed prior to PEOylation by size 
exclusion ohramatogtaphy or by dialysis. TCEP need not be removed before addition of the PBGylation 
reagent as it is does not contain a fteefliiol group. The pattiaUyieduoed protein can be reacted with various 
concenlrattons of PEG-maleimide or PEG-vinyhmlfime (typically PEG: protein molar latios of 1:1, 5:1,10:1 
and 50:1) to determine the optunum ntio of the two reagents. PEOylation of flie protein can be monitored 
by a molecular wei^t shift for exampla, using SDS-PAGE. The lowest anoimt of PEG fliat gives 



lin additives can enhance the PEGyhtian yield. These additives inchide, 
but are not limited to, EDTA, borate, chaolropes (nrea, guanidinei organic solvents), deteigents, osmolytic 
stabilizers (polyols, sugars, polymers, amino acids and derivatives thereof), and other ionic compounds 
(citrate, sulfates, phosphates, quaternary amnies, chlo: 
concentrations of EDTA are 0.01 - 10 mM, with 0.5 - 1 1 
mono-PEGylated protein can be purified bom non-PEGylated protein an 
ion exchange, affinity, reversed phase, or hydrophobic interaction chromatography. F: 
the monij-PBGylated protein ( a single PEG molecule attached to the cysteine mutem) can be identified by 
SDS-PAGE and/or Western blotting. These fractions can be pooled and stored frozen. The presence of Hie 
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PEG moiety generally alters the protein's aflBnity tor the resin, allowing the PBGylated protein to be 
separated from the non-PBGylated protein. Other purification protocols such as 2-phase organic extraction 
or salt precipitarion also can be used. The purified, PEGylated protem can be tested m the cell 
proliferation/inhibition assays described in the various Examples described herem and in PCT/US98/14497 
and PCT/US00/0093I to deteimme its specific activity. In vivo efficacy of the PEGylated protems can be 
sd as described in the Examples provided herem and in PCT/US9S/14497 and PCT/USOO/00931, 
he PEG molecule is attached to the protein at the proper site. 
This can be accomplished by chemical or proteolytic digestion of the protem, purification of the PEGylated 
peptide (which will have a large molecular weight) by size exclusion, ion exchange or reversed phase 
Chromatography, followed by amino acid sequencmg. The PBG-coupled amino acid will appear as a blank 
in fl» amino acid sequencing ran. 

The Mowing conditions were used to PEGylate the GH mutein T3C and to purify the PEGylated 
T3C piotem. Initial PEGyMon leactioiis conditiona were detennined using aliquots of the refolded T3C 
protein prepared as described in Exanqde 2 (using cysteine as the reducmg agent and as the cysteme 
blocldng agent to solubilize and refcld the jwotein), TCBP [Tris (2-carboxyethyl) phosphine]-HCl as the 

aliquots of purified T3C wens mcubated wifli increasing concenhratioiis of TCEP at mom tenqwtature in 100 
mM Ttis, pH 8.5 in the presence of vaiyiag amounts of excess 5 IdDa maleimide-PBG or 5 kDa 
vinylBul&ne-PEO. After 120 minutes, aliquots of the reactions were hnmediately analyzed by non- 
reducing SDS-PAOE. At pH 8.5. a 5-ibld molai excess of TCEP and 1 J-ftld excess molar of either 5 kDa 
maleimide or 5 IdQa vinyl ajtane PEG yielded significant amounts of monoPEOylated T3C protein after 
ut detectable di or tri-FEOylated protem. Hie T3C mutein needed to be partially reduced 
tr to be PEGylated. Wild type GH did not PEGytals 
IS, mdicating that the PEG moiety is attached to the cysteme midne 
1. These conditions were used ID scale q) the PEGylation reaction fbr purification 
and evaluation of biological activity. A laiger PEGylation reaction (300 (jg) was performed fbr 2 hr at room 
temperature, using a 5-fiild excess of TCBP and IS-fold of 10 loDa maleimide PEG. At the end of the 
reaction time, the PEGylation mixture was dihited 2X wilh ice cold 20 mM Tris, 15% glycerol, pH 8.0 and 
immediately loaded onto a Q-Sepharose cohunn (1 mL, miap). PEGyialed T3C was etuted ftom die 
column by mnning a 20 mL gradient fixm 0-0.2 MNaa in 20 mMTiis, 15« glycerol, pH 8. Thepiesenoe 
of the PEG moiety decreases the protein's afGnily fbr the ream, aflowing the PEGylated protein lo be 
separated &om the non-PEGylated protein. Fractions enriched for mono-PBGylatod T3C (a single PEG 
molecule attached to the T3C monomer) wkb identified by SDS-PAGE, pooled and fiajzen. The mono- 
PEOylated T3C protein eluted at approximately 80 mM NaCl and its tqipaient molecular weight by SDS- 
PAGE was approximately 30 kDa. 

lOK PEG-T3C, 20K PEG-T3C, and 40 K PEC-T3C were also prepared by the raefliod described 
above. Bioactivity of the purified PEG-T3C proteins were measured in fte ceU proliferation assay 
described in Examples 1 and 2 and PCT/US98/14497 and PCT/US/00/00931 to detennine its specific 
activity. The PBG-T3C proteins stunuhited proliferation of GH-R4 cells similar to wild type GH and non- 
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PEGylated T3C protein. The ECjo for the 5K PEG-TSC protein was 12 ngM, flw ECjo fi» the lOK PEG- 
T3C was 1.2 ng/ml, and the ECs„ for tlje 20K PEG.T3C was 3-4 ng/ml. The EC50 for the 40K,- PEG-TSC 
can be determmed using the cell proliferation assay described in Eramples I and 2 and PCT/US98/14497 
and PCTAJS/00/00931. In vivo efficacy of PEG-T3C and other PEGylated OH cysteine muteins can be 
determined as described in PCT/US98/14497 and PCT/USOO/00931 and Example 4. 

Other cysteine mutants of GH that were PEGylated and purified according to the procedures 
outlined above include P2C, P5C, S132C, P133C, and R134C. The biological activities of these muteins 
tot were modified with 20 kDa- PEG moieties were measured using the cell proliferation assay described in 
Examples 1 and 2 and PCT/US98/14497 and PCT/USA)0/00931. The observed ECsos for these PEGylated 
muteins muteins ranged from 1.7 ng / ml to 6.0 ng / ml. These values are all similar to, but ali^y gieaJer 
than, the observed ECsosfbrwiU typo GH control assays fliflt were peifc^ TheBj^jj,^ 
these wild type GH controls ranged fiom 0.6 ng / ml to 1.2 ng /ml . 



PEG-T3C Growth Hormone Stlnnilatei Somadc Growth in Growth Hbnuon»-Deflclent Rats 

A. The ability of PEO-TSC to stimulate somatic growtti was detennined m hypophysectonuzed 
(HYPOX) rats, which are unable to synthesize growth hormone due to lemoval of their pituitaries, HYPOX 
male Sptagi»-Dawley rats wens purchased team a commercial vendor and weighed about 90 g. The rats 
wBie BcclimalBd lor 13 days. Animals gainmg mote than 4 g during acclimation w«i» cuUed ftom the study. 
Body woi^ measurements were taken at flw same time every day (9:30 AM). Rats were randomized by 
weight to fliB various test grot^. There were 5 rats per ffwp except for the group receivmg every day 
doses of 20 kDa-PEG-T3C, in vAich there were oiUy fbur rate. Rats were vreighed daily and were given 



200 pgAnl rat serum albumin (Sigma Chemical Onqnny)}, a 
hormone, Nutrqpin* , or various doses of 20 kDa-PEO-TBC prepared as described in Exaiqde 3. All 
ptotsin solutions were prepared in PBS containmg 200 |ig/ml rat serum albumin. Anunals wbi« treated fbr 
9 consecutive days. On day 10, the animals were sanificed and fheurtibias were harvested. Hie tibias were 
fixed in 10% neutral buffisredfiMmalia The fijted tibias were decalcified in 5% fcmiio add and qiUt at fiie 
projdmal end in flie fiontal plane. The tibias were processed fer parafBn embedding and sectioned at 8 
microns and stained with tofaiidms blue. The widfli of die tibial plgsis was measured on the loft tibia (5 
measurements per tibia). Cumulative body weigjit gain end tibial epiplqrses measotements &r fiw different 
test groups are shown m Tab!e2. The results show But 20 IcDa-PEG-TSC stimulates body wd^ gak and 
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Compound 




Frequency 


Cumulative Body 
Weight CSam 
(grams) 


Tibial Epiphyses Width 

(mean+/-SE) 

(urn) 






Everyday 


-1.0 +/- 0.707 


206.8+/- 9.2 


Nutropin 


10 [ig/inieotion 


Everyday 


11.2+/- 0.97* 


348.8 +/- 8.6 ' 


20 kDa-PBG-T3C 


10 ng/iniection 


Everyday 


14.3 +/- 0.75 ■ 


333.0+/- 9.8' 


Placebo 




Every other day 


0.6 -^/- 1.03 


204.4+/- 8.6 


Nutropin 


10 ng/iniection 


Every other day 


8.6+/- 1.12' 


298.8 +/- 10.1 " 


20kDa-PEG-T3C 


10 )«/tnjecti(»i 


Bveiy other day 


15.4+/- 0.68 b*-' 


357.2+/- 7.7" 


20kDa-PEG-T3C 


2 lig^jection 


Every other day 


5.6 +/- 0.51 • 


274.8+/- 9.0° 


201(Da.PEC3>-T3C 


0.4 Ms'iniwtion 


Every other day 


-0.2+/- 0.66 


225.2+/- 10.0° 



°p<0.05ve 



It was petfonned as described for Example 4A. exc»pt that ^ test 

10 conyouods were administered by subcutaneous injection every day or every third day. In addition, one 
dose of T3C modified with a 40 kDa-PEG was tested. HYPOX male Sprague-Dawley rats were purchased 
ftoma commercial vendor and weighed about 100 g. Body weight measurements were taken at the same 
time every day. Rats were randomized by weight to the various test groups. There were 5 rats per group 
eitcqrt 6xt Sus groiq), excqit the test group receiving 40 kDa-PEG-T3C. Rats were weighed daily and 

15 were given daily or every third iay subcutaneous injections of placebo (Phosphate Buffered Saline (PBS) 
containing 200 ng/ml rat senim albumin (Sigma Chemical Con^any)), a commercial recombinant human 
growth homione, Nutrojan*, various doses of 20 kDa-PEG-T3C or 40 IiDa-PEQ-T3C. The PEG-T3C 
protBins were piepared as described in Exam|^ 3. All protein solutions were prepared in PBS contaming 
200 (igibil tat serum albumin. Animals were treated for 9 consecutive days. On day 10, the anhnals were 

20 sacrificed and their tibias were harvested and ptqiared for sectionmg as described in Example 4.A.. 
Cumulative body weight gam and tibia epqibyses widifas for the different test groi^js are shown m Table 3. 
The results show that 20 tDa-PEG-TSC and 40 kDa-PEO-TSC stimulate body weight gain and bone giowth 
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Effects of every day or every third day administration of placebo, Nutropin, 20 kDA-PEG-TSC or 40 
kDa-PEG-T3C on body weight gain and tibial epiphyses width to hypophysectomized rats 



Compound 


Dose 


Frequent 


Weight Gain 
(grams) 


(mean+/-SE) 
(]im) 


Placebo 




Every Day 


0.8+/- 0.685 


223 +/- 15.1 


Nutropin 


30 ug/iniection 


Everyday 


21.3+/- 1.432 


408.4+/- 14.2 




10 jig&iiection 


Every Day 


16.2 +/- 1.232 


399.6+/- 15.6 


20!!Da-PEG-T3C 


10 ng/injection 


Every Day 


18.6+/- 2.215 


384.4+/- 13.0 


Placebo 




Every third day 


1.5 +/- 1.370 


231.6+/- 17.4 


Nutropin 


30 ng/iniection 


Every ttiird day 


6.8 +/- 1.385 


315.2+/- 15.6 


Nutropin 


10 tiR/iniection 


Every third day 


8.0+/- 1.614 


284.0+/- 6.9 


20 kDa-PE&.T3C 


30 UB'iniection 


Every third day 


17.5+/- 1.162 




20 kDa-PEG-T3C 


10 nR/iniection 


Every third day 


12.3+/- 0.792 


329.2+/. 15.6 


20 kDa-PEG-T3C 


2 ng/inieotion 


Bveof third day 


8.0+/- 1.379 


263.2+/. 7.1 


401cDa-PEG.T3C 


lOMfi/injection 


Every third day 


17.2+/- 0.868 


360.5+/- 21.9 



Refolding and Pnrificatian of IFN-oJ Cysteine Muteins 

etanming the in vitro and in vivo biological activity of 
1 alpha intet&ton 2 (J3m<a) and ]FN-a2 cystBine muteins an desoibed in 
PCT/USOIV00931. Methods to constiiicttog cysteine inuteins of 

IFN-«2 protein fbr Ibe locations of added cystehie residues also are described in PCT/US98/14497 and 
PCrr/US00/D0931. Hw foUowmg muteins have been constructed in E coli using tliose methods: CIS, Q5C, 
43044, N45C, Q46C. F47Q Q4SC, A50C, D77C; C98S, QIOIC; T106C, E107C, TIOSC. S163C, E165C 
•166C D2C, L3C T6C. S8C, T52C, Gl02Ci VKBC, G104C VIOSC, P109C LllOC, MllIC, S160C 
L161C, R162C and K164C. One patsaei method for eiqiressing IFN-a2 in E. coU is to seciste the protem 
into the periplasm using the STH leada sequence. A ftaction of the seoeted IFNki2 is soluble and can be 
purified byeolunmchroniBtogr^as described in PCT/US0O«X)93I. Certain cysteine muteins of IFN-a2 
remain insohible when secreted into Hie a coK periplasm using the STH leader sequence. SDS-PAGE 
analysis of flie osmotic shock supematants of the muteins showed most to have leduced (as compared to 
wHd type) levels of the 19 kDa iJm-oe2 band. SDS-PAGE analyses of whole ceU tysates and the insoluble 
material ftom Oa osmotic shocks revealed that these mtrteins were expressed at ralativBly high levels but 
accumulated primarily in an insoluble fijtm, presumably in the petiplasm. These pioteins comigrated wifli 
wild type rIFN-ot2 standards mider tedwang conditions indicatmg fliat the STH leader had been removed. 
Qualitative assessments of relative expression levels of the muteins are summarized in Table 4. Procedures 
for refolding insoluble, secreted mt-al proteins have not been described previously. The following 
protocol Qiere referred to as "Protocol D ™ developed to express and refold IFN-a2 cysteine muteins 
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For expression of IFN-a2 cysteme nniteins and IFN-«2, typically, a 325 ml culture in a 2 liter 
shake flasl^ or a 500 inl culture in a 2 Hter baffled 5h*e flasl^ were grown at 37"C in a gyro^ 
water bath at -170-220 rpm. Cultures were grown, induced, harvested, and subject^ to osmotic shock as 
described in PCT/USOO/0093 1. Resulting supematants and peUeta were processed immediate^ or stoied at 

-80°C. 

IFN-a2 cysteine muteins that were recovered as insohible proteins in the osmotic shock pellets 

were denatured, reduce! 

The pellet from the osmotic shock lysate was fi 
reagent as described by the manutacturer (Pierce). 

coa membranes and releases the cytoplasmic contents of Ac cells, hjsoluble m 
centrilugation, resuspended in water, and recentrifljged. The resulting pellet was solubilized in 5 niL of 6 M 
guanidine, 50 mM cysteine in 20 mM Tris Base. The mixture was aUowed to stir for 30 minutes before 
being dialyzed overnight at 4°C against 400 mL of 40mM sodium phosphate, 1 50 mM NaCl, pH 8.0. The 
next day die pH of the refold mixture was adjusted to 3.0 and the mixture was centri&ged before being 
loaded onto an S-Sepharose column, followed by a Cu" IMAC eolmnn as described for the purilication of 
rIFN-a2 ftom the osmotic shock suponatant in PCT/USOO/0093 1. Six IFN-a2 cysteine muteins: Q5C, 
C98S. QIOIC, T106C, E107C and MeeC have been refolded and purified using these procedures. SimiJ 
procedures can be used to refoM and purify insoluble wild type IFN-a2. 

Non-reducing SDS-PAGE analysis of purified Q5C, C98S. QIOIC, T106C, E107C, and 'IfiSC 
cystehM mutems showed that the mutems were recovered predominantly as monomers, migrating at the 
expected molecular weight of - 19 kDa. C98S migrated with a slightly higher molecular weight than the 
othw rlNF-ct2 muteins due to the absence of the native Cysl-Cys-98 disulfide bond. Some of the purified 
muteins oontamed small amounts of disulfide-linked rII'-N-a2 dimers. The molecular weights of the dimer 
speraes were approxhnately 37-38 kDa, 

When processtog a number of cyteine muteins of IFN-a2, it was discovered tiiat certain cysteme 
muteins qqpeared to be present in both the soluble and insoluble fiwstions following cell lysis. Ratios of 
soluble verus insoluble IFN.a2 protein varied from mutant to mutant Therefore, an alternative 
soIubilzationAefoldrng procedure (here refened to as 'Trotocol H") that involves a whole cell solublization 
step was developed to enhance recovery of Uie IFN-a cysteine muteins. A modification of flie culhjre 
metiiods was found to improve the efficiency of processing of the STH leader sequence and was employed 
to express IFN-o cysteine muteins for refi)lding and purification, as detailed below. In the modified 
method, 325 - 400 ml cultures were grown in LB media contaming 100 mM MES, pH 5.0 and 100 [ig/ml 
ampicillin at 37°C with vigorous shaking, e.g., 220-250 rpm in a New Brunswick C25KC environmental 



a cell density of 0.5 ■ 



in induced by addition of IPTG 



(isoproB-l-P-D-thiogalactopyranoside) to a final concenhation of 0.5 mM and upon induction ti: 
temperature was reduced to 2S''c and the shaker speed was reduced to 140 ipm. Induced culhires were 
incubated overnight (14-1 8 hours) and harvested by centofiigation. Cell pellets were processed immediately 
or stored at -20°C or -80°C until processing. The ceU pellets derived from a 325-400 mL mduced culture 
are first suspended in 10 mL of 8 M Guanidine, 20 mM Cysteme, 20 mM Mes, 2% Tween 20, pH 3 and 
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mixed until a homogeneous suspension is present. The pH is then increased to between pi 
solubilization mixture is stirred for 3 houre. The cell lysale is next diluted 1:20 with ice cold re: 
buffer (20 mM Tris, pH 0.3 M guanidine, 1 M urea, 40 jm copper sulfete, pH 8). The cloudy sui 
is aUowed to sit 1-2 days at 4-0. The refold is clarified by centrifugation foUowd by a pH adjnstmenf to 3 
and second round of centrifiigation. The supernatant is diluted 1 ;4 with cold water and load onto a 5 mL S- 
Seph Hi Trap. The ion exchange column is ehited with a 100 mL gradient of 0-70% Buffer B, with Buffer 
A being 20 niM Mes, pH 5 and Buffer B bemg 10% Ethylene glycol 500 mM NaCl, 20 mM Mes pH 5. 
Alternatively, refolded IFN-a cysteme nurteiDS can be cqrtured ftom the refold mixture using a HIC 
column, such as a Phenyl-Sepharose column. The refold mixture Is first oenfriluged, ammonium sulfate is 
added to the supernatant to a final concentration of 10%, Hie mixtme is reconJrifUged, and the supernatant 
loaded onto a 10 mL Phenyl Sephaiose column equiUbrated in 10% ammanlum gulfeto, 20 mM Tris, pH8. 
IFN-a cysteine muteins are eluted from Hie colunm luiqg a 100 inL linear gradient ftom 10% ammonium 
sulfete, 20 mM Tris pH 8 to 30% ethylene glycol, 20 mM Tris, pH 8. Hie intei&tDn pool ftom a Phenyl- 
Sepharose column can be further purified using a copper chelating column, S-Sepfaarose colunm or both. 

Interferon cysteine muteins also can be solubilized and refolded using other leducing agents that 
also act as cysteine blocking agents. Substitution of reduced glntalhions, tiiioglycoUc acid or oysteamme for 
cysteine in the solubilizationtefold mixtores yielded refolded, soluble IFN cysteme variants that could be 
purified and PEGylated following the ptocedures described in Example 7. When no reducing agent or 20 

led, soluble IFN 
sd by Rsveraed 

Phase HPLC. AdditionaUy, no refolded, soluble IFN cysteine mutein was recovered foUowing S-Sepharoae 
chromatogi^ of the refold mixhire vbea. no reducing agent or 20 mM DTT was substitated for cysteine 
in the solubilizaHrai/tefold mixtures. 

The foltowing muteins were expressed in E coli, refolded and purified usbg Protocol H: CIS, 
Q5C, 43C44, N45C, F47C Q4SC. ASOC, C98S, QIOIC, T106C, ElOTC. SI63C E16SC, *166C, D2C, 
UC T6C S8C T52C, G102C, V103C G104C VIOSC. P109C, LllOC, MlllC, SI60C. LI61C, R162C 
andK164C. These refolds were poifotmed at pH 8 or in some instances 7 J. 



BioactlTities of IFN-a2 Cysteine Mntelna 
Biological activities of the puiifwd Q5C C9gS, QlOlC, TlOfiC, E107C; «nd nStiC IFN-o2 
qisleine muteins that were purified using Protocol I of ExampU 5 w«w measured m fiw Daudi growfli 
inhibition assay described in PCr/U500/00931. Protein concenHations were detemiined usmg Biadford or 
BCA protein assay kits (Bio-Rsd Laboratories and Pierce). Commercial wild type rIFN-a2 and rlFN-a2 
prqMred as described in PCr/OS00«)0931 were analyzed in parallel on the same days to control for 
interday variabiUty in the assays. The mutems mhibited proliferation of Daudi cells to foe same extent as 
foe wild type rlFN-ctZ confrol proteins, wiUiin foe entor of the assay. Mean ICjoS for five of the muteins 
(QSC, QIOIC, T106C B107C and 'leeC) were similar to the mean IQo s of the wild type rIFN-o proteins. 
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iS piotein was 28 pg/ml. TTiese data are summarized 



Protein 


Mutation 
Location 


Relative Expression 




(pg/ml) 


(pg/ml) 


Cellular 




rIFN-a2' 










16+/- 7 


8-29 (b=10) 


rIFN-a2' 




'TF^ 





Soluble 


13+/. 4 


7-19 (n=10) 


CIS 


N-terminal region' 












Q5C 


N-terminal region 




-20 


Refolded 


17 


15, 17, 20 


43C44 














N45C 














Q46C 






0 








F47C 






~5 








048C 






0 








A50C 














D77C 


B-C loop 












C98S 


C-he 


ix' 




-5-10 




28 


22,30,32 


OlOlC 


C-D 


oop 




~5-10 




18 


10,22,23 


T 


06C 


O-D 


loop 




-5-10 


Refolded 


18 




E 


07C 


C-D 






-5-10 


Refolded 


18 


8^2,24 


T 


08C 


O-D 
















63C 






-33 








E 


65C 






-20 








*166C 






-20 


Refolded 


15 


8.16JO 



of (he IFN-c(2 proton in wliole ce 



shown when N>S. 



^Portion of the lFN-oi2 piotein in d» osmotic 

SDS-PAGEgela 
' ICk values fiom individual eqierinients. A nin| 
* Commercial wild type rIFN-a2 (Endogen, Inc.) 
' Wild type rIFN-oi2 prepared by Bolder BioTechnology, Inc. 
' Mutation creates a free cysteine (C98) in the C-helix 
' Mutation creates a free cysteine (CI) in the N-terminal region 

Biological activities of the following muteias, purified using Protocol II of Example 5, were 
measmed m the Daudi growth inhibition assay described in PCT/USOO/00931: CIS, D2C, L3C, SSC, 
N45C. F47C, C98S. V103C, V105C, E107C, MIUC. R162C, S163C K164C E165C and »166C The 
observed ICjoS ate listed in Table S along with IC»s &r wild tyi 
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Table 5. 

In vitro Bioactivities of IFN-o2 Cysteine Mntelns Purified by Protocol n wiUi and wlthont 



PEGylation 



IFNa2 
Mutant 






'^Cjo (pg/ml), 20K PEG-Protein 






15 to 55 




RlFN-a2^ 




16 to 109 




CIS" 


N-tenniiial region 


120, 130 


100,160 


D2C 


N-tenninal region 


39 


300 


L3C 


N-terminal region 


24, 75 


105, 270 


SSC 


N-tenninai region 


37 


220 








104 


F47C 




66.56.58 


120,72,240 




C-helix 


105, 110,100 


500, 720,900 


G104C 


C-D loop 


110 


600 






38 


33 


B107C 




90,98,110 


160, 220, 180 


Mine 


C-D Loop 






R162C 




600 


4000 


S163C 




70,50, 88 


310, 125,360 


KZ64C 




100 


600 


E165C 


C-ter 


43, 60, 51 


160,220,300 


*166C 


C- terminus 


48,78 , 96 


120, 300 



' ICjo values &om individual raqwriments. A lange is shown when N > 5. 

^ Commeroial wild (ype rIFN-a2 (Endogoo, Inc.) 

' Wild type rIFN-a2 prepared by Bolder BioTechnotogy, Inc. 

* Mutation creates a fiee cysteine (€98) in the C-helix 

' Mutation raeatsa a fiee cysteme (CI) in the N-temiinal legion 



PEC^tian ofIFN-a2 Cyitelae Mntelns 

The purified IFN-a2 cysteine muteins can be PEGylated usmg H: 
Example 3 and PCT/US98/14497 and PCT/USOO/00931. A small-scale PEGyMon experiment was 
perfcimed wifli two of the purified rIFN-o2 cysteine mutems to identify conditions that allowed the proteins 
to be monoPEGylated at the fiee cysteine residue. Over-reduction of the proteins was monitored by non- 
reduomg SDS-PAGE, tooldng fi>r a shift to a Wgher than expected apparent molecular weight as a result of 
protem unftlding, or fhr the appearance of multiple PEGyhited species generated as the result of native 
disulfide reduction. One \>e aliquots of puiified wild type and die rIFN-a2 muteins T105C and E107C were 
incubated fiir 1 hour with a lO-fold molar excess TCEP and a 20-fbld molar excess of 5 kDA maleimide 
PEG at pH 8.5 at room ten^ietatnie. After 60 nun, the reactions were stopped and immediately analyzed by 
non^reducing SDS-PAGE. Boft mutehis yidded monoPEGj^atsd protehx under fliese conditions, based on 
IB analysis of the reaction mixhires. The apparent motecDlar weights of the mmoPBGylated 
y 28 Id3a by non-reducing SDS-PAGE. Wild-lype rIFN-a2 showed no 
le PEQjdation under fliese conditions. Control ejqwriments mdioated ftat flie T106C and B107C 
be partialfy reduced wifli a reductant such as TCEP to be PEOykted. These data 
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indicate that the PEG molecule is attached to the cysteine residue introdnced into the TI06C and B107C 
proteins. 

Larger quantities of the IFN-a2 cysteine muteins can be modified wi 
various sizes and purified to obtain sufficient material for bioactivity mi 
PEGylated proteins, the larger PEGylation reactions should be performed as 
room temperature, diluted lOX with 20 mM MES, pH 5,0, adjusted to pH 3.0, and then loaded qviiekly onto 
an S-Sepharose colunm using conditions similar to those described for initial purification of the rIFN^x2 
muteins. The presence of the PEG moiety decreases the protein's atBnity for the lesin, allowing the 
PEGylated protein to be separated ficm the non-PEGylated prolem. The chroraatogram firom the S- 
Sepharose colunm should show two major protein peaks. The early eluting major peak (eluting at an NaQ 
concentration less than 230 mM) should be the mono-PEGylated ]FN-a protein, wiioh can be confinned by 
non-reducmg SDS-PAGE analysis. The apparent molecular weight of monoPEGylated IFN-a2 that has 
been modified with a 5 kDa cysteine-reactive PEG is approximately 28 kDa by SDS-PAGE. The later 
eluting major peak (eluting at ^oximately 230 mM NaCl) should be the unreacted IFN-a2 protein. 
Fractions firom the early eluting peaks containing predominantly PEG-IFN-a2 can be pooled and used fi» 
bioactivity measurements. Biological activity of flw purified PBG-ffN-a2 proteins can be measured in the 
Daudi cell assay described in PCT/USOD/00931. Concentrations of the proteins can be deteimined using a 
Bradford dye binding assay. In vivo biological activities of the PEGylated IFN-«2 cysteine mutams can be 
determined as described m PCT/US98/14497 and PCT/US/USOO/0093 1 . 

For PEGylation of the Q5C mutein, the purified protein was diluted to 100 jtg/ml protein with 100 
mM Tris, pH 8. A 15-fold excess of 5 kDa- malehnide PEG is added followed by 10-15-fold molar excess 
of TCEP. EDTA was also added (0.5 mM final concentration) to inhibit disulfide formation once the 
protein is partially reduced. The mixture was held at room temperature, 2 hours. An alternative method 
that also gave good PEGylation efficiency involved repeated additions of the PEG and TCEP reagents. We 
have found that 3 rounds of adding lOX molar excess PEG reagent and lOX molar excess TCEP over a 
period of 2 hours gave greater than 80% PEGylation efSoiency, This latter procedure of repeated additions 
of the PEG and TCEP reagents was used succeKilully to prepare Q5C modified with lOkDa-, 20kDa- and 
40kDa-PEGs. The PEGylated protems were separated fi-om unreacted Q5C starting material and 
PEGylation reagents by ion-atdange chromatography using the S-Sepharose pixjtocol described in 
on exhangers (Q, DEAE, CM), mC resins (Phenyl, Buiyl) , 
IS, or chelating resins may be used to puriiy the PEGylated protein. 
Biological activily of the purified 10 kDa.. 20 kDa- and 40 kDa-PEG-Q5C proteins were measured 
in the Daudi cell assay described in PCTrtJS00rtX)931. Cancentrations of the proteins were determined 
using a BradfiHd dye binding ass^. Mean ICsoS fer the 10 kDa.PEG-QSC, 20 fcDa-PEG-Q5C. and 40 kOa- 
PEG<JSC protems were detennmed to be 70 pgAnl (N=2 assays), 100 pgtal CN=8 assays), and 108 pgfal 
(N-8 assays), respeotivefy. 
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Example 8 

CtonlBg, Expression and Purification of WUd Type G-CSF and G-CSF QCllS) 

" encoding G-CSF. A oDNA encoding G-CSF was amplified by PCR 

the huraan bladder carcinoma cell line 5637 (American Type Cultots 
Collection). The cells were grown in RPM 1640 media supplemented with 10% FBS, 50 nmts/ml penicillin 
and 50 ^g/ml streptomycin. ENA was isolated from the cells using an RNeasy Mini SUA isolation Jdt 
purchased from Qiagen. Inc. (Santa Clarita, CA) foUowing the mannficturer's directions. First strand 
synthesis of single-stranded cDNA was accorapUshed using a 1st Strand cDNA Synthesis Kit for RT-PCR 
(AMV) from Boehringer Mannheim Coip and random hexamera were used as the pruner. Subsequent PCR 
reactioiis using the products of the first strand synthesis as template were carried out with forward primer 
BB9I (5KXH:AA(KrrTGCCACCATGGCTQGACC TGCCACCCAG>3; SEQ ID NO:l) and reverse 
primer BB92 {J>CGCGGATCCTCCGGAGGGCTGGGCAAGGT GGCGTAG >3; SEQ ID N0:2). Primer 
BB91 anneals to the S' end of the codmg sequence for the G-CSF secretion signal and fte reverse primer, 
BB92, anneals to the 3' end of the G-CSF coding sequence. The resulting ~ 640 bp PCR product was 
digested with Hind m and 5am HI, gel purified and cloned into pCDNA3.I(+) vector that had been 
digested with Hind mind Bam m, aOcalme phosphatase treated, and gel purified. A clone with the correct 
DNA sequence (Souza et al„ 1986; Nagata al., 1986a,b) was designated pCDNA3.1(+)::G-CSFflis or 
pBBTies. 

PCK was used to modify diis &CSF clone for periplaamic and cytoplasmic expression in E. coli of 
wild tjrpe G-CSIF (wad type) and a variant in which (be natmally occuiring fise cysteine at position 17 was 
replaced by serine (C17S). The wild type (hCSB protein contains 5 cysteines, two of which participate in 
critical disulfide bonds and one free cysteme (017) that is partially buried and not required for activity 
ira et si., 1992, Kuga et a!, 1989, Lu et al., 1992, Wingfield et al, 1988). To avoid potential 
ties caused by the mqaured cysteine, we consttuoted a vaiiaat oontafaing the Cys to Sw sub^ 
at position 17 {C17S) as our platfoim molecule. All subsequent cysteine nmtems were prepand with the 
C17S substitution pnisent. OCSF (C17S) has been nsported to possess biological activity identical to wild 
type Q<SB ashilcawa et al., 1992, Lu et al, 1992). 

Secreted does not contain an added N-tendnal methioniiie and has an amino add sequence 
identical to naturally occumng G-CSF (Sou2a et al, 1986). In order to express a seoeted fimn of G-CSF, 
PGR was used to fuse the leader sequence of the £ co/f beat-stable enterotaxin (SHI) gene (Picken et aL, 
1983) to the coding sequence for mature G-CSF sad a TAA stop codon was added fbUowing the caiboxy- 
terminal residue, P174. At the same tune, 4e aimnoterminal poitian of the 0<SF coding sequence was 
also modified. Codons for prolines at positions 2, 5, and 10 were all changed to CCO, and an >Sao I 
restriction site was introduced by ohangmg llie L18 codon from TTA to CTC in order to fiicilitate 
subsequent mutagenesis procedures. 

These constructions were carried out in paiallel for the wild type and C17S genes and emplo}«d 
three sequential PCR reactions. For the CI7S construct, the fct reaction used forward prime BBII6 (5> 
GC3CCCGGCCAGCTCCCTGCCGCAGAGCTTCCTGCTGAAGAGCCTCGAQ 

CAAGTGCGTAAGATCCA03; SEQ ID N0:3) and reverse primer BB114 (5>CGCGAATTCrrAGGG 
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CTGGGCAAOGTGGCG >3; SBQ ID N0:4) and lie cloned G<:SF cDNA as tenqitate. BB116 m 



i coding sequence of mature G-CSF an 



e codon changes noted above at 



P5, PIO, and LIS which do not change the amino acids encoded. It also inltoduees the C17S mat 
(TGC =>AGC) and changes the leucine codon at position 15 to lie preferred CTG triplet BB114 an 



:o the 3' end (18 bp) of th 



a TAA tianslational stop codon 



immediately following the the carboxy-teiminal residue, PI74. BB114 also contains an £«> RI site for 
cloning purposes. For the wild type construct, the first reaction used forvrard primer BB117 (5> 
GGCCCCHKCAGCTCCCTGCm^AGACKrrran'GCnTAAGTGCCT^ 

CAO >3; SEQ ID N0;5) and reverse pjmer BB114 (sequence ahove) «ith the cloned G-CSF cDNA as 
ten5>Iate. BB117 is identical to BB116 vrith two exceptions; the naturally occurring C17 codon, TGC, is 
' "le L15 codon used is CTT. Hiis CTT creates an 4/? H lestriction site in order to provide a 
nt method for distinguishiiig wild iype C17 clones ftom the C17S variant. The C17S 
clones cany the CTG codon at position IS and flietBfbre bekHaAJlU rsetriction site. The -530 bp PGR 
product fiom each of these reactions was ggl purified and used as ten^jlate for the second PGR reaction. 

For the second leactian each of the -530 bp gel purified products was amplified with forward 
primer BB115 (5> ATOTTCQTnTCTCTATCGCTACCAACGCGTACGCAACCCCGCTG 
C3GCCOGGCCAGCTCCCTO >3; SBQ ID NO:6) and rev«» primer BB114 (described above). The 3- 
portion (27 nucleotides) of BB115 anneals to the 5' end of the modified coding sequence of mature G-CSF 
whidi is identieal m both the wild type sjid C17S PCRproducts. The 5' segment (36 nucleotides) of BBl 15 
encodes a portion of the STH leader peptide. He -550 bp PGR products of each of these secondary 
leaetions were gel purified and used as tenqdate ibr flie third and final rtnmd of PCR. 

In the third reaction each of the -550 bp gel purified products was amplified with forward primer 
BBII (5>CCCCCTCTAGACATATGAAaAAGAACATCGCATTCCTGCTG<M:ATCTATOrrcOT 
TTTCTCTATCG > 3; SEQ ID N0:7) and ieve.se primer BB114 (desctibed above). BBU «lds the 
remainder of the STB leader peptide and contains an Afite I site overhqipmg the mitiBtm ATG of the STn 
leader as weU as an JSa I sits iSir clonmg purposes. The -620 bp products of the fliese reactions were 
Bd wifli RI and J2« I and cloned into sunilarly digested plaaimd vector pBC^+) (Sta^ 



For the wild type conshuct, one clone, designated pBBTlg7, was firand to contain the conect 
sequence for the 620 bp Nde I . Eeo N segment coniafaung the STD-Q^SF coding seipience. This 
fragment was then subcloned toto (Aife I + fi» RI) cut eiqiression vector pCYBl (New Bnghmd BioLabs). 
The resulting plasmid was tenned pBBTlSS. For the C17S construct, none of liiee clones sequenced was 
found to contain ttie correct sequence; all had one or more enors. One done contamed a single missoiae 
mutation at the AlO position of flic STB leader, die rest of the sequoice of the 620 bp iWfe I - £<» RI 
segment was correct. In vitro recombination between fliis clone and phsniid pBBTlgg was used to generate 
a STn-G.<;SF(C17S) construct of ttie cmrect sequence in pCYBl. pBBTI8« and the C17S done 
containmg tte single missense mutation at the AlO position of the STH leader, were both digested with Bsi 
WI and £«> RL The only Eco RI site present in dflier plasmid is that which foUows the G-CSF Iranslafional 
stop codon. WI also cuts only once at a site within the coding sequence of the STB leader peptide, 7 bp 
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the beginmng of the mature G-CSF coding sequence. Therefijie by iqiladng flie ~S35 bp &i WI - 
a fiagment of pBBTl 88 with fte -535 hp Bstm-EcoW. fe«mait having the ccmect CITS construct 
!nce, we generated a pCVBl derivate to flat ei^sed the STII-G<SF(C17S) coding sequence. This 



For cytoplasmic expression in £ cofl flie cloned STH-Gf-CSF wild type and STn-G-CSF(C17S) 
genes were modified by PGR to eliminate flie STH leader sequoices and add an initiator methionine codon 
(ATG) immediately preceding the codon of the amino-terminal amino acid (Tl) of mature G-CSF. The 
sequence-verified STH-O-CSF wUd type and STa-G-CSF(C17S) clones were an?)lified with primers BB166 
(5> CGCCATATGACCCCGCTGGGCCCGGCCAG>3; SBQ ID NO:S) and BB1I4 (described above). 
BB166 amieals to the 5' end of the coding sequence of mattue G-CSF and encodes an initiator methionine 
preceding the first amino acid of mature G-CSF. An Nde I site, which overlaps the ATG was included for 
cloning purposes. The -540 bp products of these PCR reactions were digested with Nde I plus Aat U, which 
cuts -400 bp downstream of flie Nde I site. These -^00 bp firagments were gel purified and cloned into 
PBBT187, flie pBC-SK(+)::STn-G<SF construct described above, which had been cut with Nde I plus Aal 
n, treated wifli aUcaline phosphatase and gel purified. One Met-G-CSF wild type and one Met-G-CSF(C17S) 
clone were sequenced and bofli were fiiund to contam the coirect sequences. These Met-G-CSF wild type 
and Met-<KSF(C17S) genes were subcloned as Me I - Eco RI ftagments into Mfe I - £i» W cut expression 
vector pCYBI. which is described above. The resulting plasmids were designated: pBBT225 - 
pCYBl::Met-a-CSFandpBBT226-pCYBl:Met<J-CSF(C17S). 

B. Eipressioii of WiM l^ype C«:SF and G-CSF (OTS) In £ coOL pBBT225, vioBk encodes 
Mem-CSF wild type. pBBT226 wUch encodes Met-G.CSF(C17S) and llie pCYBI parent vector, weie 
flJM109. Experiments wifli fliese slndns resulted in expression of flie G-CSF 
sd G-CSF, bofli wBd type and CI7S fimns, ar 
atliieN-ten 

!F,pBBT188|pCYBl::STII-&<:SF],pBBT223 [pCYBl::STn-a- 
or pCYBl were transfimned into K coU W3110. The resulting strains 
1 as BOB130: W3110(pCYBl), BOB213: W31 10(pBBT188), and BOB268: 
W3110(pBBT223). In preliminaiy screening eiqwrimente, strains were grown ovemi^ 
media) contsinteg 100 jig/ml ampicillin at 37»C In toU tubes. Saturated overnight cultures were diluted to ~ 
0.025 OD. at A«o in IB contaimng 100 (igAnl anqiidllin and incubated at 28, 37 or 42'C in shake flasks. 
Tj,ipicaUy8 2Smlonlturewasgtownina250mlshakefladc. When culture ODj reached ~0J- 0.5, IPTQ 
was added to a final concentration of 0.5 mM to mduce expression of OCSF. For hiitial eiqiomients, 
culftires were sampled at 0, 1, 3, 5 and -16 h post-induction. Samples of induced and uninduced cultures 
were analyzed by SDS-polyacrytamide gel electrophoresis (SDS-PAGE) on precast 14% TWs-glyctoe 
polyacrylamide gels and stained with Coomassie Blue. Induced cultures of bofli BOB213 (wild type) and 
BOB26S (C17S) showed a band at approximately 19 kDA, vi*ich is consistent wifli flie mature G-CSF 
molecular weight. This band was not detected in the uninduced cultures of BOB213 and BOB2e8 or in 
induced or uninduced cultures of BOB130, the vector-only control Western blot analyses showed fliatfliis 
-19 kDa band in BOB213 and BOB268 lysates re 
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(R&D Systems). This antibody did not recognize proUdns in irainduced cultm«8 of BOB2I3 and BOB 268 
or in induced or uniduced cultures of BOB130, the vector only control. These Western blots abio showed 
that this -19 IcDa band co-migrated with a conunercial hrnnan CKSF standard pmdimed fiom R & D 
Syslam. This result suggests that the STU leader peptide has been removed, v4ich is consistent with the 
protein having been secreted to the periplasm. N-tenninal sequencing studies presented in Eiample 10 
indicate the STH signal sequaice was properly processed. 

The 16 hour post-mducflra samples ftom 2i°C and 37°C cultares also were subjected to osmotic 
shock based on the procedure of Koshland and Botstein (1980). This procedure ruptures the E. coli outer 
membrane and releases flie contents of the periplasm into the surrounding medium. Subsequent 
centri&gation separates flie soluble periplasmic components (recovered in the supernatant) from 
cytq)lasniic, insoluble p«r5)laanuc, and ceU-associated components (recovered m the peUet). At both 
fen^jeratures, some of the G-CSF protein synthesized, for both wild type, by BOB2I3, and C17S by 
BOB268 was lecovered in the supernatant, but the bulk of the G-CSF protems remained associated with the 
pellet This indicates that while the protein n»pears to be processed and secreted to the periplasm, it is 
accumulated there prmiarily m an insotable fimn. 

The preliminary screen of expression cotsiitions for G-CSF wild type and the C17S variant showed 
that both prolBins were relatively weB expressed under a variety of conditions. For large scale expression 
and purification cultures were grown at 28''C and induced for -16 hours. 

C. Purification of WBd Type G-CSF and G-CSF (C17S). Wild type and G-CSF (C17S) were 
eiqnessed and purified at a larger scale nsing identical protocols. Fresh satuiated overnight cultures of 
BOB213 (wild \m) «nd BOB268 (C17S) were inoculated at ~ 0.05 OD @ A«o in LB containing 100 ng / 
ml anrifiiUin. Typically. 400 ml cultures were grown iri a 2L baffled shake flask at 28^3 in a gyro^ 
BhatewBtei-bathat250ipm. What cultures reached a density of ~ 0.5 - 0.7 OD, IPTG was added to a 
final concentration of 0.5 mM. The mdnced cultures were then incnbated ovemi^ for ~I6 h. The cells 
werepeUetedbycenltifugaliouandftozenat-80''C. CeU pellets were flawed and treated wifli 5 niL of B- 
PER ™ bacterial protein exiiactian reagent according to flie manu&ctoier's (Pierce) protocols. The 
msoluble material, which contained flie bulk of flie G-CSF protein, was lecovered by centrifiigalion and 
l-PER. This mixture was treated with lyso23(me (200 (i8ftnL)fer 10 mm to flitflier disrupt 
id MgCl, (10 mM final concenliatian) and protease-fise DNAse (2 pgftnl) were added. 



ist of the sohibilized ceU debris. The resulting pellet contaming insoluble G<SF was dissolved 
in20mlof8Mutea.25niMcystdnem20mMTrisBase. This mixture was stirred for 30 nun at room 
ten^ierature then diluted into 100 ml of 40 mM sodium phosphate, 40 pM copper sulfite, 15% glyoeiDl. pH 
8.0. This refold mixture was held at 4°Cfbr 2 days. The pHofflie refold mixture was flien adjusted to 4.0 
wia dilute HQ and flie mixture was cenlrifcged before bemg loaded onto a 5 ml S-Seidiaiose cofaimn 
(Pharmacia ffiTr^)equiBbratedm 40 mM sodium phosphate pH 4.0 (Buffer A). The bound protehis were 
eluted wifli a linear salt gradient ftom 0-100% Buffer B (500 mM NaCl, 40 mM sodmrn phosphate, pH 4.0). 
Wild type G-CSF and G-CSF (C17S) eluted from the S-Sepharose column as single major peaks at a salt 
ly 300-325 mM NaCl. Column ftactions were analyzed by aon-reduciJig SDS- 
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PAGE. Fractions containing G-CSF and no visibfc in^nirffies were pooled. The find yields of G-CSF wild 
type and G-CSF (C17S), as detenninsd by Bradford analysis, were about 1.1 mg and 3.3 mg, respectively 
from 400 ml of culture. Purified wUd type and G-CSF (CI7S) comigrated under reducing and non- 

reducing conditious of SDS-PAGB. The apparent molecnlar weights of reduced and non-reduced G-CSF 
and G-CSF (C17S) are ^proximately 19 and 17 kDa, respectively. 

D. In Vitro BloactiviUes of WUd Type &CSF and G-CSF (C17S). A cell proliferation assay 
using the murine NFS60 ceU line was developed to measure bioactivities of wild type G-CSF and G-CSF 
(C17S). The NFS60 ceU line was obtained fitjm Dr. J. Ihle of the University of Tennessee Medical School, 
Memphis Tennessee. This ceU line proliferates in response to human or mouse G-CSF or IL-3 (Weinstein et 
al., 1986). The cells were maintained in RPMI 1640 media supplemented with 10% FBS, 50 units/ml 
penidnin, 50 Mgtal streptongran and 17-170 umtsTml mouse IL-3 (R&D Systems). Bioaasays were 
perfermed in oeU maintenance media minus IL-3. In general, the bioassays were set up by washing the 
NFS60 cells three times with RPMI media (no additives) and resuspending the cells at a concentration of 
0 J-lxIO»M in ceU miUntenance media minus IL-3. my yi (2.5-5x10' cells) of the cell suspension was 
aliquotted per test weU of a flat bottom 96 well tissue culture plate. Serial dilutions of flie protein samples to 
be tested were prepared in maintenance media mirais IL-3. Serial dilutions of recombinant human G-CSF 
(B. iw//-expressed; R&D Systems) were analyzed in paiaUeL Fifty (U of the diluted protein san?>les were 
added to the test wells and the plates incubated at 37°C in a humidified S% COj tissue culture incubator. 
Protein samples were assayed in tripUcate wells. After i^proximately 48-72 h, 20 (il of CellTiter 96 
AQueouB One Solution (Piomega Corporation) was added to each weU and the plates incubated at 37''C in 
the tissue culture mcubator for 1-4 h. Absoibanse of&ewellswa8teadat490nm using a micreplate reader. 
Control wells contained media but no cells. Mean absorbance values tor the ti^licate control wells were 
subteacted ftom mean values obtained fi)r the test weUs. BCjos, the concentiation at half maxhnal 



The NFS60 cell line shows a strong prolifisrative response to G-CSF, as evidenced by a dose- 
dependent increase in cell number and absorbance values. Commercial G-CSF and 0-CSF prepared by us 
had mean BCjjs of 19 and 10 pg/ml, respectively, m flie bioassay (Table 6). UnejqKsotedly, G-CSF {C17S) 
had a mean ECs, of 7 pgtal and was rqjroduffl-bly 1.5-to 2-&ld more potent flian our wild type G-CSF 
standard and ~3-fcId more potent ftan the commercial wild type G^ standard in flie bioassay 
The maim activity of G-CSF (C17S) was smpriafaig because ofheis have i«ported tiiat wild type G<:SF 
and G-CSF (C17S) have identical activities (Lu et al., 1992). 



ty of G-CSF (C17S) CysiebieMiitelns 



Construction, E 

A. ConstructioB of &CSF Cysteine Muteins. 
Fifteen mutant G-CSF g 
:edures similar to those described in PCT/USOO/00931 and talis et al. (1990) and White (1993). We 
no-terminal region proximal to Helix A [*-lC (the addition of a cysteme 
lus), TIC, L3C, A6C and S7q; two mutrana m the B-C loop [B93C 
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and S96C]; six muteins in the C-D loop [A129C, T133C, A136, A139C, A141C and S142q; md tvw 
muteins in tlie carboxy-temmml region distal to Helix D [Q173C and n75C (the addition of a cysteim 
residue to the natural carboxy-terminus)]. The O-CSF cysteme muteins were aU constnacted in tin C17S 
background to avoid potential difficulties aad/or ambiguities that might be caused by the unpaired cysteine 
normally present at position 17 in wild type G-CSF, G-CSF (C17S) had previously been reported to possess 
full biological activity (Ishikawa et al., 1992; Lu et al,, 1992) and in our E. coli secretion system we fmd that 
the yields of purified C17S are higher than that of purified mid type G-CSF. In addition, in the in vitro 
assay our recombinant C17S is more active than wild type G-CSF produced by us and a second E. coli- 
piodnced recombmant wild type G-CSF ohtamed fi-om a commercial vendor (R&D Systems, Inc.). 

The template used for the mutagaiic PCR reactions was plasmid pBBT227 m which the STH-Q- 
CSF (C17S) gate from pBBT223 (described in Eiunple 8) was cloned as an AW^r I - Eco RI fragment into 
Mfe I - RI cut pUClg. PGR piDducIS were digested with appropriate restriction endonueleases, gel- 
purified and ligated with pBBT227 vector DNA that had been cut with those same restriction enzymes, 
alkaline phospbitase treated, and gel-purified. Ttansfinmants fmm these ligations were grown up and 
plasmid DNAs isobtm and sequenced. The sequence of the artiie cloned mutagenized PCR fragment was 
detetmined to verify the presence of the mutation of mteiest, and die absence of any additional mutations 
that potentiaUy could be introduced by the PGR leaction or by the synthetic oligonucleotide primers. 

The cysteine substitnlion mutation UC was constructed as foUows. The mutagenic forward 
2 {5> ACCAACGCGTACGCAACCCCGTGTGGCCCGGCCAGC >3; SEQ ID 
to change the codon CTG for lencme at position 3 of mature G-CSF to a TOT 
to span the nearby Mlu I site. This oUgo was used m PCR with the reverse, non- 
ler BB188 (5> GCCATCGCCCTGGATCTTACO >3; SEQ ID NO.IO) which anneals to 
11 -27 of matare G-CSF in pBBT227. A 100 (il PCR 
m perfomied in IX Promega PCR buffer contahiing 1.5 mM MgClj, each primer at 0.4 nM, each 
of dATP. dOTP, dTTP and dCTP at 200 jiM, 3 ng of lEnq)hte plasmid pBBT227 (described above), 2.5 
units of Taq Polymerase (Promega), and 0.5 units of Pfh Polymerase (Slratagene). The reaction was 
per&nned in a Perfcin-Elmer GeneAiqXS PGR System 2400 ftermal cycler. The reaction program entailed: 
96»C for 3 minutes, 25 cycles of [95' C for 60 seconds, 60° C for 30 seconds, 72° C for 45 seconds] and a 
hold at 4°C. A 1 0 aliquot of die PCR reaction was analyzed by agarose gel electrophoresis and found to 
produce a smgle fragment of ttie eaqiected size ~ 100 bp. The lematoder of the reaction was "cleaned up- 
using the QIAquick PCR Purification Kit (Qiagen) according to the vendor protocol and digested with Mlu I 
and Jao I (New England BioUbs) according to flie vendor protocols. FoUowing an additional clean iqi step 
using the QIAquick PGR Purification Kit, die digestion products ligated with pBBT227 that had been 
cut wifli Mil I and JSo I, Heated with calf intestinal alkaline phosphatase (New England BioLabs) and gel 
purified. Theligatianreactionwasusedtotransform£.anandplasmidsfiomresdtingtrans&tniante 

>utaie~70bpAff»I-JiaoI 

The substitution mutation TIC was constructed and sequoce verified usmg die protocols detailed 
m for L3C with the followmg differraice. The mutagenic oliffmucleotide BBI71 (5> ACCAACGCG 
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TACGCATGCCCGCTOGQCCCGGCCAGC >3; SEQ ID NO: 11). wUch changes the ACC codon for Tl 
a TGC codon for cysteine and spans the neaiby Mb I site, was used in tlie PCR reaction in place of 



BB172. 



The substitution mutation Q173C was constructed and sequence verified using the protocols 



le for L3C with 



ucleotide BB185 (5> 



CGCGA ATTC TTAGGGACAGGCAAGGTGGCG >3; SEQ ID NO: 12), which changes the CAG codon 
for Q173 to a TGT codon for cysteine and spans the nsatby £co RI site, was used in the PCR reaction in 
place of BB172, The forward , non-mutagenic, primer BB187 (S> CreCATOCJCCCTGOATCTTAaS >3; 
SEQ ID NO: 13) which anneals to the DNA sequaice encoding amino acid reaidoes 78 - 84 of mature G- 
CSF in PBBT227 was used in place of BB188. A 10 pi aliquot of the PCR reaction was analyzed by 
agarose gel electrophoresis and found to produce a single fragment of the expected size ~ 300 bp. The 
remainder of the reaction was "cleaned up" using the QIAquick PCR Purification (Qiagen) accoiding to the 
vendor protocol and digested with Sry I and £co Rl (New England BioLabs) according to the vendor 
protocols. Following an additional clean up step nsiog the QIAquick PCR Purification Kit, the digestion 
products were run out on a 1.5 % agarose gel and the -220 bp S(y I - Eco RI fragment of mterest was gel 
purified using a QIAquick Gel Extraction Kit (Qiagen) accoiding to the vendor protocol. The gel purified 
fragment was Ugated wifli pBBT227 that had been cut with Sly I and Eco RI, treated with calf intestinal 
alkaline phosphatase (New England BioLabs) and gel purified. The ligation reaction was used to transform 
B. «>// and plasmids from restating transfoimants were sequenced. A clone having the Q173C mutation and 
the correct sequence throughout the -220 bp Sry I - Eco RI segment was identifled. 

A mutation was also constructed that added a cysteine following the carboxytermmal amino acid of 
the G-CSF codmg sequence. This mutant, termed *17SC was constructed using the protocols described 
above for the construction of the Q173C mutant with the following differences. The mutagenic 
ohgonucleotide BB186 (5> CGCOAATTCTTAACAGOGCTQQGCAAGGTGGCGTAG >3; SEQ ID 
NO: 14), which inserts the a TOT codon for cysteine between the CCC codon for P174 and a TAA stop 
codon and spans the nearby Eco RI site, was used in the PCR reaction in place of BB185. 

The substitution mutation AfiC was constructed using the technique of "mutagenesis by overlap 
extension" as described in Horton et al. (1993) and PCT/USOO/00931. The mitial, or "primary" PCR 
reactions for the ASC constroction were performed in a 50 Ml reaction volume in IX Promega PCR buffer 
containing 1.5 mM MgClj , each primer at 0.4 nM, each of dATP, dOTP, dTTP and dCTP at 200 jiM, 1 ng 
of template plasmid pBBT227, 1.5 units of Taq Polymerase (Promega), and 0,25 units of Pfir Polymerase 
(Stratagene). The reactions were perfbnned in a Perkm-Ehner GeneAmp® PCR System 2400 thermal 
cycler. The reaction program oitaUed: 96°C for 3 minutes, 25 cycles of [95° C for 60 seconds, 60° C for 30 
seconds, 72° C for 45 seconds] and a hold at 4''C. The primer paks used were [BB173 x BB188] and 
[BB174XBB125]. BB18S (5> GCCATCGCCCTGGATCTT ACG>3; SEQ ID NO:10) anneals to DNA 
sequences enoodmg amino acid residues 21 -27 of mature GCSF in pBBT227. BB125 (5> CTATGC 
GGCATCAGAGCAGATA >3; SEQ ID NO: 17) anneals to the pUC18 vector sequence -20 bp upstream 
of the cloned G-CSF sequence. BB173 and BB174 are complementary mutagenic oligonucleotides 4ut 
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change the QCC codon for A6 to a TGC codon for cysteine. The sequence of BB173 is (5> 



CX3GCAGGGAGCTC3CACGGGCCCAGCGG >3; SEQ TD NO: 16), The PGR products were run out on a 
2% agarose gel, i»*ich showed that the [BB173 x BB1S8] and [BB174 x BB125] PCR reactions gave 
products of the expected sizes: ~80 bp for [BB173 x BB188] and -140 bp for [BB174 x BB125]. These 
ftagments were excised fiom the gel, pooled, and eluted together fiom the agarose gel slices using a 
QIAquick Gel Extraction Kit (Qiagen) according to the vendor protocol and recovered in 30 ,ul 1 0 mM Tris- 
HCl (pH 8.5). These two mutagenized fragments were then "spliced" together in the subsequent, or 
"secondary" PCR reaction. In this reaction 3 jd of of the gel-purified PCR products of the primary reactions 
were used as template and BB125 and BB188 were used as primers. The reaction volume was 100 nl and 
2.5 units of Taq Polymerase and 0.5 units of P& Folymoase were employed. Otherwise, the reaction 
conditions were identical to those used in the primety reactions. An aliquot of the secondary PCR was 
analyzed by agarose gel elechxjphoresis and file expected band of -190 bp was observed. The bulk of the 
secondary PCR reaction was "cleaned up" using the QIAquick PCR Purification (Qiagen), digested with 
Nde I andXho I (New England BioLabs) according to the vendor protocols. Following an additional clean 
up using the QIAquick PCR Purification Kit, the digestion products were ligated with pBBT227 that had 
been out wilji Nde I and Xho I, treated with calf intestinal alkaline phosphatase (New England BioLabs) and 
gel puri&d. The ligation reaction was used to transform £ coH and plasmids from resultmg transformants 
were sequenced to identify a clone containing the A£C mutation and having the correct sequence throughout 
the -130 bp ATde I - A»e I segment 

The subsiituticni miitatian S7C was constructed and sequence verified using the protocols detailed 
above fbr A6C with flie fbllowmg difbiences. Complementary mutagenic primers BB175 (5> 
CTaQGCCCGOCCTGCTCCCTGCCGCAG >3; SEQ ID N0:18) and BB17S (5> 
CTGCGGCAGGGAGCAGGCCGCGCCCAG >3; SBQ ID NO: 19), which change the AGC codon for S7 
to a TGC codon for cysteme, replaced BB173 and BBI74 re^wctively in the primary PCR reactions. 

A mutation that added a cysteine codon prior to the codon fbr die amino-terminal residue, Tl, of 
nature G-CSF was consttuclsd and sequence-verified. This miitatlan, teimed MC was cansttucted usmg 
the protocol described above for cooatiuctian of A6C widi the Mowing (Uffeiences. Con^lemeniaiy 
mutagenio primers BB206 (5> AACCCGTACGCATGTACCCCGCTGGGC >3; SEQ ID NO:20) and 
BB207 (5> GCC CAGCGQGGTACATGCGTACGCGTT >3; SEQ ID N0:21), which insert a TGC codon 
for cysteine between the OCA codon for the carboxytermmal residue of the Sm leader seqaence and the 
ACC codoo for the anuno-termmal residne of mature G-CSF in pBBT227, lephKsed BB173 and BB174 
respectively in tfie primary PGR reactions. The primary FOR reactions were performed m a 20 |il reaction 
volume. Bach prima was present at O.SmM. The reactianindudedOJng of template pla8midpBBT227, 2 
units of Taq Polymerase, and 0.25 units of Ffh Folymeiase. The teacdoi program entailed: 93'>C for 3 
minutes, 25 cycles of [94° C for 60 seconds, 60» C for 30 seconds, 72° C for 45 seconds] and a bold at 4»C. 
The products of ^ primary reactions were loaded directly onto a preparative 2 % agarose geL The primary 
reactions gave products of the expected sizes: ~100 bp for [BB206 x BB188] and -123 bp fbr [BB207 x 




>3; SEQ ID N0:15) 



the sequence of BB174 is (5> 
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BB125]. In the secondary PCE, the reaction volume was 100 (il, 5 mI of flie gel-purified PGR products of 
the primary reactions used as template, BBIS? and BB126 w«re used as primers, and 4 units of Tuq 
Polymerase and 0.25 units of Pfu Polymerase were onployed. Oflwrwise, die reaction conditions wa« 
identical to those used in the primary reactions. 

The substitution mutation A129C was constructed and sequence verified using the protocols 
detailed above for A6C with the following differences. The primary VCR r«icti<Hia en^loyed primer pairs 
[BB177 X BB126] and [BB178 x BBI87]. The reverse, noo-mutagenic primer BB12S {5> 
TOTGOAATTOTOAGCGGATAAC >3; SEQ ID NO:22) anneals to the pUClS vector sequence -40 bp 
downstream of the cloned (SCSF sequence. The forward, non-nmlBgenic, primer BB1S7 (5> 
GCCATCX3CCCTQOATCTTACO >3; SEQ ID N0:13) anneals to Oe DNA sequence encoding ammo acid 
residues 78 - 84 of mature Q<SP in pBBT227. BB177 and BB178 are complementary mutagenic 
oligonucleotides that diange die OCC codon for AI29C to a TGC codon for cysteine. The sequence of 
BB177 is (5> GOAATGCKXXXrrTGCCTCSCAGCCCAOC >3i SEQ ID NO:23) and the sequence of 
BB178 is {5> C3QTC3<K3CTGCAGGCAAO(KK3CCATTCC >3; SBQ ID NO:24). The products of the 
primary reactiom gave ptoducts of the expected sizes: -220 bp fijr |BB177 x BB126] and -170 bp fbr 
[BB178 X BBI87]. The secondary PCR en^loyedBBlS? and BB126 as primeis and produced a product of 
the eiqiected size: -360 bp. This product was digested with 5i(y I and fico RI (New England BioLabs) 
according to the vendor protocols. Following an additional clean up using the QIAquiokPCR Purification 
Kit. tiie digestion products wen ligated witii pBBT227 fliat had been cut wifli I and Seo RI, irwtod wifli 
calf intestinal alkalme phosphatase (New England BioLabs) and gd purified. The ligation reaction was 

sneed to identify i 
-230 bp JO' I - J 




don T133C was consttucted and sequence veiified usmg die pcotocols 
br A129C widi die following diCbiences. Conqdementaty mutagenic primeis BB179 (5> 
0CCCTGCAa<XCTC3CCAGGGTGCCATG >3; SEQ ID NO:25) and BB180 (5> 
CATGGCACCCTGGCAGGOCrCJCAO GOC>3; SEQ E) NO:26), which diange die ACC codon for 
T133 to a TGC codon for cysieine, replaced BB173 and BBI74 respectively in die primary PGR reactions. 
The products of die primary reactions gave products of die eiqieeted sizes: -205 bp for [BB179 x BB126] 
and -180 bp for [BB180 x BB187]. 

The substitution mutation A139C was constmcted and sequence verified using du protocols 
detafled above fbr A129C widi die following diffeiences. Convlamenfaiy mutagenic primers BBI81 (S> 
QQTacx:ATGa»TGCrTCOCCTCrGCT >3; SEQ ID NO:27) and BB182 (5> 
ACSCAGAGGCOAAaCACOGCATOGCACC >3; SEQ ID NO:28). vi*ieh change die GCC codon fbr 
A139 to a TGC codon &r cystehie, rqilaced BB173 and BBI74 respectively fa die primary PGR reactions. 
The products of die primary reactions gave products of flie expected sizes: -185 bp for [BB181 x BB126] 
and -200 bp for [BB182 x BB187]. 

The substitution mutation S142C was constructed and sequence verified using die protocols 
detaUed above for A129C widi die following difSsrences. Complementary naitagedic primras BB183 (5> 
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CCQGCCTTCGCCTGTGCnTCCAGCGC >3; SBQ ID NO:29) and BB184 (5> 
GCGCTGGAAAGCACAGGCGAAGGCCGG >3; SEQ ID NO:30), which change the TCT codon for 
S142 to a TGT codon for cysteine, replaced BB173 and BB174 respectively in the primary PGR reactions. 
The products of the primary reactions gave products of the expected sizes: -180 bp for [BB183 x BBI26] 
and ~2 1 0 bp for [BB 1 84 X BB 1 8 7]. 

The substitution mutation A136C was constructed and sequence verified using the protocols 
detaUed above for A129C with (he following differences. Complementary mutagenic primers BB224 (5> 
CCCACCCAGGGTTGCATGCCX3GCCTTC >3; SEQ ID NO:31) and BB225 (J> 
GAAGGCCGGCATGCAACCCTrOGGTGGG >3; SEQ ID NO:32), «4ich change the GCC codon for 
A136 to a TGC codon for cysteine, replaced BB173 and BB174 respectively in the primary PCRieaotions. 
The primary PCR reactions were performed m a 20 reaction volume. Each primer was present at 0.5 nM. 
The reaction included 0.5 ng of template plasmid pBBT227, 2 units of Taq Polymerase, and 0.25 units of 
Pfil Polymerase. The reactions were performed a Perldn-Ehner OeneAmp® PCR System 2400 thetmal 
cycler. The reaction program entailed: 95°C for 3 nimutes, 25 cycles of [94° C for 60 seconds, 60» C for 30 
seconds, 72° C for 45 seconds] and a hold at 4°C. The products of tiie primary leactiona were loaded 
directly onto a preparative 2 % agarose gel. The primary reactions gave products of the expected sizes: -195 
bp for (BB224 x BB126] and -190 bp fbr 1BB225 x BB187]. In the secondary PCR, the reaction volume 
was 100 (il, 5 |il of (he gel-puiified PGR. products of the primary reactions were used as template, BB187 
and BB126 were used as primers, and 4 units of Taq Polymerase and 0.25 units of Pfu Polymerase were 
employed. Otherwise, the reaction conditions were identical to those used in the primary reactions. 

The substitution mutation AMIC was cansbucted and sequence verified usmg the protocols 
detailed above for A136C with the following differences. Complementary mutagenic primers BB226 (5> 
ATGCCGGCCTTCTOCTCTGCTTTCCAG >3; SEQ ID NO:33) and BB227 
{5>CTGGAAAGCAGAGCAGAAGGCCGGCAT >3; SEQ ID NO:34), which change the GCC codon fbr 
A141 to a TGC codon for cysteine, rqjlaced BB224 and BB225 respectively in the primary PGR reactions. 
The products of the primary reactions gave products of the expected sizes: -180 bp for [BB226 x BB126] 
and -205 bp for [BB227 x BB 1 87] . 

The substitution mutation E93C was constructed using flie technique of "mutagenesis by overlap 
extension". The primary PCR reactions for the B93C constraction wete performed m a 20 (il reaction 
volume in IX Promega PCR buffer containing 1.5 mM MgClj, each primer at 0.5 \M, each of dATP, 
dGTP, dTTP and dCTP at 200 pM, 0.5 ng of tfanplate plasmid pBBT227, 2 units of Taq Polymerase 
(Promega), and 0.25 units of Ptu Polymerase (Strstagene). The reactions were performed m a Perkm-Ehner 
GeneAmp® PCR System 2400 thermal cycler. The reaction program entaUed: 95°C for 3 minutes, 25 
cycles of [94° C for 60 seconds, 60° C for 30 seconds, 72° C for 45 in seconds] and a hold at 4°C. The 
primer pairs used were [BB21S x BB2n] and [BB219 x BB2I0]. The reverse, non-mutagenic primer 
BB2U (5> GGCCATrCCCAGTTCTTCCAT >3; SEQ ID NO:35) anneals to DNA sequences encoding 
amino add residues 121-127 of mature G-CSF in pBBT227. The forward, nc 
(5> TTC GTTrrCTCTATCGCrACCAAC >3; SEQ ID NO:36) at 
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amino acid residues 13 - 20 of the Sm leader peptide in pBBT227. BB218 and BB219 are 
complementary mutagenic oUgonucleotides that change the GAA codon for E93 to a TGT codon for 
cysteine. The sequence of BB218 is {5> CTGCAGGCCCTGTGTGGGATCTCCCCC >3; SEQ ID 
NO:37) and the sequence of BB219 is (5> GGCQGAGATCCCACACAGGGCCTGCAG >3; SEQ ID 
5 NO:38). The products of the primary reactions were loaded directly onto a preparative 2 % agarose gel 
which showed that PGR reactions gave products of the expected sizes; ~1I5 bp for [BB218 x BB211] and 
~325 bp for [BB219 x BB210]. These ftagments were excised from the gel, pooled, and eluted together 
from the agarose gel slices using a QIAquick Gel Extraction Kit (Qiagen) according to the vendor protocol 
and recovered m 30 nl 10 mM Tris-HCl (pH 8.5). In the secondary PGR reaction, 5 m1 of the pool of gel- 

10 purified PGR products of the primaiy reactions was used as ten^late and BB21 1 and BB210 were used as 
primers. The reaction volume was 100 pi and 4 units of Taq Polymerase and 0.25 units of PfU Polymsnise 
were employed. Otherwise, the reaction conditions were identical to ibase used in the primaiy leai^ons. 
An aliquot of the secondary PGR was analyzed by agarose gel electropboiesis, and tbe expected band of 
-415 bp was observed. The bulk of the secandary PCR reaction was "cleaned up" using the QIAquick PGR 

15 Pudficatlon (Qiagen) and digested with Sty I and Xho I (New England BigLabs) according to the vendor 
protocols. Following an additional dean up usfaig flie QIAquick PCR Purification Kit, the digestion 
products were ligated with pBBT227 that had been cut wib STf I and Xho I, treated with calf intestinal 
alkaline phosphatase (New England BioLabs) and gel purified. The ligation reaction was used to transform 

20 mutation and havinglhe correct sequence thiougbout to ~260 bp %I-Ja() I segment 

The substitutian mutation S96C was constructed and sequence verified using the protocols detailed 
above for E93C wift file fbllowing differences. Con^lementary mutagenio primers BB220 (S>CrO OAA 
GGG ATC TOO CCC GAG TTG GOT >3; SEQ ID NO:39) and BB221 (5> ACC CAA CTC GGG OCA 
GAT CCC TTC CAO >3; SEQ ID NO:40), which change the TCC codon for S96 to a TGC codon for 

25 cysteine, replaced BB21g and BB219 reflectively m the primary PCR reactions. The products of the 
primary reactians gave products of the eiqiected si2»s: ~110 bp fi>r |BB220 x BB211] and ~330 bp Sa 
[BB221XBB2I0]. 

For extnession iaRcottaa proteins secreted to the periplaamic space, the STHO-CSF (C17S) 
genes encoding the mutema were excised from the pUCl 8-based pBBT227 derivatives as Nde I-EcoHl 
30 fiagmentsof-eOObpiSubclonedintotliepCYBl expressionvector,andtransfi>nnBdinlo£co/<W3110. 

Using procedures similar to those described here, one can construct other cysteine nmtems of <3- 
CSF and G-CSF (C17S). The cystenie muteins can be substitution mutatums that substituiB cysteine for a 
natural amino residue m the 0-CSF codmg sequence, insertion miitnrinns fiiat insert a c^tsine residue 
between two naturally occuning amino adds in flie 0-CSF codmg sequence, or addition mutations Oat add 
35 a cysteine residue preceding the first amino acid, Tl, of the G-CSF coding sequence or add a cygtone 
residue folUnring the teimmal amino add residue, P174, of die G-CSF codmg sequmce. The cystnne 
residues can be substituted fin- any amiiu] add, or inserted between any two amino acids, aiiywhere m the O- 
CSF coding sequence. Preferred sites finr substihitii^ or inserting cysteine residues m G-CSF are m the 
region preceding Helix A, Ae A-B loop, tiie B-C loop, tiie C-D loop, and fiie region distal to Helix D. Otiier 
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preferred sites are the first or last three amino acids of the A, B, C, and D Helices. In addition to 4e 
mutations described above, oflier preferred residues in these regions for creating oysteme substitutions are 
P2, G4, P5, S8, L9, PIO, QU, S12, T3S, K40, S53, G55, 156, W58. A59, P60, L6I, S62, S63, P65, S66, 
Q67, A68, Q70, A72, Q90, A91, L92, G94, 195, S96, E98, GlOO, G125, M126, A127, Q131, Q134. G135, 
S142, A143, QMS, and P174. AH of the variants described in fliis Bxan?)le are provided in the context of 
the natural protein sequence or a variant protein m which the naturally occunmg "ftee" cysteine residue 
(cysteine-17) has been changed to another amino acid, preferably serine or alanine. 

One also can construct 0-CSF and G-CSF (C17S) tnuteins containing a free cysteine by 
substituttng another amino acid for one of the naturally occurring cysteine residues in G-CSF that narmally 



the substituted cysteine residue is now fiee. The cystsuw residue can be replaced with any of die ofi; 
aiuiiui Bcids, but pis&rably with a serine or alanine lesidus. These variants are prov^ 
natural jitotBin sequence or a variant protein in viiuch die naturally occuning ^e" cysteuie k 
(cysteine-17) bas been changed to 
also can be mlrodnced into 0<:SF by d 
procedures such aa those described by Sydoowsid et aL (1998). 

Usmg procedures smiilar to those described in Examples 8,9, 10, 11 and 13 , one can express the 
jnotemsinf. cofi, purify the proteuis, PBOylate die proteins and noeasure dieir bioacthrities in teWftvand 
In vim bioassays. The protems can be eiqiressed eytaplasmieaUy in B. coli or as protems secreted to the 
petiplasmic space. The mutems also can be eiqaessed in eukaryotic cells such as uiseet or msimTwIian 
cells, using procedures similar to flwse described in PCr/USO(V00931, or 
those skilled in die art If secretion fiom eukaryotic cells is desired, the r 



B. Expression and Pnrification of G-CSF (C17S) Cysteine MolelDa. B. coH strams expressing 
25 13 G-CSF {C17S) mutems (•-IC. TIC L3C, AiSC, S7C E93C, A129C, T133C; A136C, A139q, A141C, 

Q173C, and *n5C) w 

were employed for BOB213 (wild type) and BOB268 (C17S). AU of flie mi 
The muteins were refolded and purified usmg the protocols described in Example 8 for CI>CSF wild type 
• and G-CSF (C17S). Non-reducing SDS-PAGE analysis revealed fliat flie 13 purified cysteine muteins were 

30 recovered predominantly as monomers, migrating at ^proximately 17 kDa. The purified muteins 
oomigrated witti wild type G-CSF and G-CSF (C17S), with the exception of the '-IC mutein, which 
migrated slightly slower flian wild type G-CSF. All but one of the muteins etated ftom the ion-exchange 
column at a salt concentration suniiar to wild type G-CSF and G-CSF (C17S). The one exception, E93C, 
eluted later durmg the gradient (NaCl concentiation of approximately 400 mM), possibly due to the 

35 substitution of cysteine for the charged ammo acid, glutamic acid. 

C. Bioactivltiea of G-CSF (C17S) Cysteine Mutefns. The 13 purified G-CSF (C17S) cysteine 
muteins were assayed in the NFSeO cell proliteration assay described hi Example 8. Protein concrailrations 
were detennioed usmg a Bradford protein assay Idt (Bio-Kad Laboratories). Commercial wQd type G-CSF 
and wild type G-CSF and G-CSF (C17S) prepared by us were analyzed m parallel on the same days to 
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control for interday variabflity in the assays. All 13 muteins sthmilated proliferation of the NFS60 cells to 
the same extent as the wild ^ G-CSF control proteins, within the enw of the assay. Mean BCjoS for the 
13 muteins ranged from 5-9 pgtoL Mean ECjoS fer the cjBfeine muleins were Bimilar to the mean EC50 of 
the a-CSF (CnS) comrol protdn and 1.5 to 2- fold lower , i.e.. more potent, than the mean EQ„ for our 
5 wild type G-CSF control protein md ~ 3-fold lower flian ttie mean ECa fbr lie oommetoial wild type G- 
CSF protein. These data are summaiized m Table 6. 



of WW lype &CSF, G-CSF (CI7S) md G-CSF (C17^ CyiteCne Mnfdiu 



G-CSF 
Protem 


Mutation LocaticHi 


MeanECjo 


EC51) Range' 




(pg/ml) 


(pg/ml) 


R&D G-CSF ^ 




18.6+/- 6.6 


12-35 (N-12) 


BBT G-CSF 




10.2+/- 1.6 


8.5-13 (N=8) 


G-CSF fCl7S1 




7.2+/. 2.0 


5-12rN=18) 


•-1C/C17S 


N-terminus 


7.0 


5.8, 6.0. 7.5. 8.5 


TIC/ " 


N-terminus 


7.8 


4.5, 5.0, 9.0, 10 


L3C/ " 


Proximal to A Helix 




4.5, 7.5, 9.0, 9.0, 10 


A6C/ " 


Prnxima! lo A Helix 


S.2 


4.5,9.0, 11 


S7C/ " 


Proximal to A Helix 


7.3 


3.8, 8.0, 10 


E93C/ " 


B-Cloop 


7.6 


6.5. 7.5, 8.0. 8.5 


A129C/ " 


C-D loop 




6.0, 6.0, 6.0 




C-D loop 


6.6 


5.0, 6.0, 6.5, 7.5. 8,0 


A136C/ " 


C-D loop 


8.3 


7.0,7.5, 8.5,10 


A139C/ " 




5.2 


5.0, 5.0, 5.5 


AI41C/ " 


C-D loop 


8.9 


7.5, 8.5, 9.5, 10 


0173C/ " 


Distal to D Helix 


6JJ-W-1.3 


i.2-9.0 (N=^ 






5.6 




» values fiommdividualexperimenls; a range iaal 


iownwhenN>5 



' Coomieroial wild ^ GCSF CR&D Systems) 

' wad type G-CSF prepared by Bolder BioTeohnology, Inc. 

D. Comtrnction of G-CSF double cysteine mutanb 

Mult^le tmitants containirg two or more added flee cysteine residaeB cao bo H 
sequratial rounds of nntagenesis using the procedures described in ExamplM 9, 14 and IS, 01 
by m vitro lecombination of individual no 



20 combinedtwoOTmore<gBt«BenniteinsthateaohiSiinedhighaotivi^whenPEGylated. B 

be L3C plus T133C. L3C plus 'nSC, and T133C end ♦175a Otbo' ptefened mnUqile mutants can be 
deduced based on the data fiom Table 3 and ftble 4, and would include combinations comainiim two or 
uffire nmtations selected from the group consisting of UC, T133C, A141C and 'nSC. 

We constructed the following G-CSF double cysteine mutants: L30T133C, L3C/*17SC ^ai 

25 T133C/»I75C. To produce L3Cm33C, the L3C derivative of pBBT227 (OOSF C17S in pUClS) was 
digested with JSo 1 and EcoK I, and teealed with Calf Intestine Alkaline Phosphatase. The DNA was 



SUBSTITUTE SHEET (RULE 26) 



wo 01/87925 



PCT/USOI/16088 



extracted using the Qiagen PGR cleaniq) kit. and is caUed G-CSF 13C X-Rl-Cip vector. Next, the T133C 
derivative ofpBBT227wasdigested with Xho I and EcoR I, and Hie ~4g0bp fiagmeot waa gel purified and 
ligated with the G-CSF L3C X-Rl-Cq) vector. E. coli JM109 was tiBtisflinned widi the ligxtioD nastion 
and clones having the correct sequence were identified. 
5 To produce UCV*I75C the »175C derivative of pBBT227 was digested with ASo I and EcoR. I, 

and the ~480ln>fi»gment was gel purified and ligated with tfwO-CSFUCX-Rl-Cip vector (8« E. 
coll JM109 was bansformed with liie ligation reaction and danes having the conect sequence were 
identified. 

To ptodace T1330™17SC the T133C daivative of pBBT227 served as tenqilate in a PCR 
10 reaction using the reverse mutagenic oligonucleotide primer BBIM (S > CGC GAA TTC TTA ACA GGG 
CTG GGC AAG GTG GCO TAG > 3; SEQ ID N0:14) and the forward non^nntagenio oHgonncleotide 
BB12S, which anneals to pUC18 vector sequences iq>stream of the 0-CSF insert The PCR was a SO )d 
reaction performed m IX Promega PCR. buffer containing 1 .5 mM Mgdj, each primer at 0.4 (IM, each of 
dATP, dGTP, dTI? and dCTP at 200 fiM, 0.S ng of tempUde fiagment, 1 unit of Taq Polymerase 
IS (Promega), and 0.1 unit of Pfii Polymerase (Stntagens), The reaction was perfomied in a Peddn-Bbner 
GsneAn;)® PCR System 2400 thermal cycler. The reaction program entailed: 9S°C for S minutes, 22 
cycles of [94° C fra: 30 seconds, S5°C fbr 30 seconds, 72°C for 45 seconds], a 7 mui hold at 72<>C and a 
holdat4°C TWen^iilofthe PCR were analyzed by agarose gel electnqtboresis, and tbc^SObp fiagment 
was isolated fiom the gel This fiagunat was digested mth AKo I and £i»R I, extracted uaing the Qj^en 
20 PCR deanqi kit. This DNA was ligated to a vector prepared by digesting the T133C derivative of 
pBBT227 with AKo I and £toR I. treating with Calf fiitestuia Alkalme Phosphatase and extc^^ 
Qiagen PCR cleanup kit a coli JM109 was transformed with the ligation reaction and clones havmg the 



25 Example 10 

PEGytatioii, FuiiOcatlon and Bloacdvity of G-CSF Cysteiiw Mntelns 
A. Prelimlnaiy FEGylatlon studies. Initial PEOjdafion reaction conditions were detennmed 
using TIC as flie test protem, TCEP [Tris (2-oarboxyethyl) phosphine>Ha as flie redudng agent and 5U3a 
cysteine reactive PBOs fiom Shearwater Folymocs, Inc. Over-reduction of the protein was monitored by 
30 non-reducing SDS-PAOE, looking for a shift to a higher than expected apparait molecular weight as a result 
of protein unfblding, or for the appearance of multiple PEGylated spedes generated as the result of native 
disulfide reduction. One pg aliquots of purified TIC were incubated widi inraeasing conccgitiations of 
TCEP at room temperature m 100 mM Tris. pH 8.5 m the presence of varying amounts of excess 5 kDa 
maleimide-PEG or SlcDa vu^lsulfone-PEG. After 60 min, the reactions viare hnmediately analyzed by non- 
35 reducing SDS-PAGB. The amounts of TCEP and particular PEG reagent that yielded significant amounts of 
monoPBGylated TIC protein, without modifying wild type G-CSF. were used for &rther experiments. The 
titration experiments indicated that at pH 83, a 10-fold molar excess of TCEP and 20-fold excess of 5 kDa 
maleimide PEG yielded significant amounts of monoPEGylated TIC protein (apparent molecular weight of 
28 kDa by SDS-PAGE) without detectable di- or tri-PEGylated ptotam. Wild type G-CSF and G-CSF 
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(C17S) were not modified undw idraidcal PEC^lation conditions. These reaction conditions were used to 
scale up the PBGylation of the other G-CSF moteins. CotHoI eiqieriinenls radicated ftat the TIC protein 
needed to be partially reduced by treatment with a leducfant such as TCEP m order to be PEGylaied. 

B. Preparation and PnriflcaUon ofPEGylated G-CSF Cystine Mntdns: AUquots of 200 to 
5 300 )ig of the 13 purified G-CSF cysteine muteins were PEGylated with a 5 kDa maleimide PEG to provide 

sufficient material for purification and characterization. The larger PEGylation reactions also were 
performed for 1 hr at room temperature, using the conditions described above. These reaction conditions 
yieUed numoPEaylated protein for all of the muteins. Eleven of the monoPEGylated mutems have been 
purified using the procedure described below. At the end of the reaction time, the PEGylation mixture was 

10 diluted lOX. with 40 niM sodium phosphate (monobasic) and the pH adjusted to 4.0 before being loaded 
quickly onto an S-Sephaiose cohmm (1 mL, IBTrap) using conditions similar to those described for the 
mitial puri&aiion of the G-CSF muteins (20 mL gradient, 0-O.S M Naa in 40 mM sodium phosphate pH 
4). The presence of the FEO moie^ decreased the pmteui's affinity fbf the lesin, allowing the PEGylated 
pn^ to be separated fiom the non-PEGylBted jnotsni. The duomatagrems 6om the S-Sqdiatose 

IS cohmms showed two myor protein pealia ehiting at qjpioximately 275 nM Naa and 300-325 niM Naa 
fat most nnteioa. The early eteting m^'or peak was detomined to be the mono-FBGylated CKISF (C17S) 
mutein by SDS-PA0E. The later elutmg major peak was detennined to be llie moeaeted O^CSF (C17S) 
raittem. The PEO-E93C motem etated at about 325 mM NaO versus about 400 mM Naa fbr nnreacted 
E93C protein. Fractions fiom the early eluting peak containing predominantly (he monoPEGylated G-CSF 

20 (C17S) mutein were pooled and used for bloacthnty meaaurements. Kve (cysteine mntehia (L3C, T133C, 
A141C Q173C and *nSC ) also were PEGylated using a 20 kDa PEG-maleimide and the PEGylation and 
purification procedures described above. The 20 IcDa-PEOylated piDtefais ehited fiom the S-Sephatose 
column at appiDximately 250 noM NaCL SDS-PACE analyses indicated that die purified PEGylated 
protoms cmtained less than 10%, and piobably less Oan 5%, nnPBOyhtted piotein. The cysteme mutems 

25 needed to be partially reduced by treatment with a teductint such as TCEP m order to be PEGyhted. Wild 
type G-CSF and G-CSF (CI7S) did not PEGylate under identical partial reducing conditions, indicating flat 
the PEG moiety is attached to the cysteine residue introduced into die muteins, 

C. Furiacatlon and PEGylation of the L3C G-CSF Cysteine Mutein: Time courses of die 
refold and the PBGylation reactions for L3C were performed, The refold for tiiis particular mutein was 

30 found to be complete by 4 hours. The refold reaction progression was monitored by reverse phase HPLC 
(04 column). Yields were -10 mg/400 mL of culture grown as described in Example 8. Time courses were 
performed for the PBGylation of the L3C mutein with 10 kDa, 20 kDa and 40 kDa PEGs. PBGylation 
reaction conditions were as described above m Example 10, with flie eiteception that 0.5 mM EDTA was 
included in the PBGylation buffets. For 0.5-1 n^ reactions, longer reactions times of 2-4 h at room 

35 ten^Miature yielded greater amounts ofPEGylated ptoduct The efficiencies of PEGylation was -80% with 
the extended time. Largiar (iq> to 5 mg) PEGylation reactions were performed with equal eificiency. 
PEGylated protein was purified fiom non-PEGykted protem on a 5 mL S-Sepharose column using the 
purification metiiodology previously descnbed in Ezanqile 10. The 20 kDa PEGylaied 
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protein eluted at -200 inM NaCI, vrfiile ttie 40kDa-PEG jHotein and 10 kE)a-PEG protein eluted at ~I50 
niMand~220mM, respectively. Theui)PEGylatedG-CSFL3CnjBteinehjtedat~260iiiM. The presence 
of EDTA signiGcantly reduced tbe faonation of protein dimeis in the PEGyiation leactioo. 

D. N-terminal sequencing of 20 KDa-PEG-UC. The N-tenninal anuno acid of natural O-CSF is 
5 threonine (Souza et al., 1986). N-terminal sequencing of the puritied 20 kDa-PEG-L3C protein using 

automated Edman degradation chemistry yielded tlie sequence TPXGPAS, which indicates that the N- 
terminus is correctly processed and is consistent with ths third residue being PBGylated; PEGylated amino 
acids show up as blanks in sequencing tuns, as indicated by the X.. 

E. Structural DeterminaUpn of PEGylated G-CSF Cysteine Mnteins by Circalar Dichroism 
10 (CD) Analysis: CD analysis was peifi)m»d on a lasco 720 CD specttqpolarimeter in a 1 ran pathleogth 

300 )iL cell at ambient lenqraatme. Data were collected flnm 260 mn-200 mn at a sensitivily of 50m° and 
32 accumuMons. Initial experimentation was pei&nned w& the L3C mutein and lOK FE&-L3C protein. 
Both iiad CD spectra very similar to that fbond in the literature fiv wild-type 0>-C8F. Similar analyses can 
be perfinmed on oliier a>4:SF cysteine muteins and dieir PEGylated derivatives. 

15 F. BioacttTlttes of FEGytoted G-CSF (CITS) Cysteine Mntetns: Biological activities of the 11 

purified 5 IcDa- PBG-O-CSF (C17S) cysteine mutriis and 5 purified 20 IcDa-PEG-G-CSF (C17S) cystehie 
muteins were measured in fiie NFS60 cell proUftratian assay described in Example 8. Concentrations of 
6a proteins were determined using a Brad&id dye binding assay. All of Ihe PEGylated O-CSF (C17S) 
cysteine muteins showed similar dose-response curves and reached the same level of maximal growth 

20 BtimnlatiDn as G-CSF (C17S), wiUi the error of fle assay. Mean ECsgS for the S IcDa-PEG modified 
cystine mutenis ranged fiom 2-11 pg/U. These PEGylated mutems we» l.S- to 2-£>ld more potent Oan 
our wild type G-CSF and ~ 3-fiild more potent llian flu commercial wild type G-CSF in the bioassay. Mean 
BC»s for the 20 U^-modified cysteme muteins ranged finm 9 to 14 pgAnL BiologicBl activities of tht 
PEGylated G-CSF (C17S) cysteine muteins were equal to, or alienor to, Oat of wild type G-CSF. All of fl» 

25 NFSeO cell stimuhdoiy activity of 5 lcDa-PEG-L3C could be abolished by a neutralizing monoclonsl 
antibody to G-CSF (R&D Systems, bw.), iadicating that Ihe growdi promoting activity is due to the PEG- 
L3C O-CSF protein and not to a contaminant m llie protehi prq>aralion. The bboctivify data ate 
summarized in Table 7. The BCjo of 1L3C modified with a 40 kDa-PEO was determined to be 30-50 pgAnl 
using the NFS60 cell proliferation assay. 

30 Biological activities of the PEGylated G-CSF (C17S) cysteine muteins described here are superior 

to the activities of previously described PEGylated G-CSF proteins, all of which have biological activities 
that are reduced relative to wild type G-CSF (Tanaka et al., 1991; Kinstler et al., 1996a; Bowen et al., 
1999). Tanaka et al. (1991) reported that G-CSF modified with an amine-reactive 10 kDa NHS-PBG 
consisted of multiple molecular weight species and multiple isoforms modified at different lysine groups or 

35 the N-temuna! amino acid. Biological activity of this NHS-PBG mixture was determined to be reduced 
approximately 3-fold relative to unmodified G-CSF (Tanaka et al., 1991; Satake-fchikawa et al., 1992). 
Bowen et al. (1999) reported that a G-CSF variant modified with 5 kDa-, 10 kDa- and 20 kDarsmme- 
reactive PEGs were reduced apiHoximately 6-fold, 10-fold and 20-fold relative to umnodified G-CSF. 
Bowen et aL (1999) purified a smgle molecular weight species of Ihe PEGylated O-CSF variant mo^fied 
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with i 20 kDa-amine-reactive-PEG and found lliat its biological adivit/ was reduced approximately 4-fold 
relative to unmodified G~CSF. Although the single molecular weight species isolated by Bowen et al, 
(1999) corresponded to the G-CSF variant modified with a single PBG molecule, die PBO-protein 
preparation was heterogeneous due to the PEG molecule being attached to the protem at multiple sites. 
5 Kinstler et al. (1996) purified a FEGylsted MeMj-CSF species flat is modified preferentially at the non- 
natnral amino-tenninal metfaioniiK residue of B. «/f-expressed Met^CSF (cytoplasmically expressed) via 
amine or amide linkages. This PEGylated Met-G-CSF protein possessed only 68% of the in vitro 
bioactivity of wild type Met-G>C8F (Kmatler et al., 1996). 



BioacttvWes of PEGylated G-CSF Cysteine Muteins 



G-CSF Protein 


EC«,s (pg/ml) 


SkDaPEO 


201cDaPBG 




Range' 






*-IC/C17S 


5.6 


5.5.5.5,5.5,6.0 






TIC/ " 




6.0,7.0.8.0 






L3C/ " 




5.0,5.3,6.2 


8.8 


8.0, 8.0, 9.0, 10 


A6C/ •■ 


6.9 


6.0, 6.0, 7.5, 8.0 






S7C/ « 


2.4 


1.7, 3.0 






E93C/ " 










A129C/ " 


7.1 


5.0,5.2,11 






T133C/ " 




5.2,6.0,11 


9.0 


6.0,7.0.11, 12 


A136C/ " 


6.9 


6.0, 6.5, 6.5, 8.5 






A139C/ " 


6.8 


5.0, 5.5, 10 






A141C/ " 


7.1 


6.5, 7.0, 7.0, 8.0 


9.3 




0173C/ " 


7.0 


5.5, 5.5, 10 




9.0. 10, 12. 13 


•175C/ " 


11 


10, 11, 12 




12. 12, 16, 16 



IS Example 11 

Use of A Cysteine BlocIdUg Agent Improves Recovery of Properly Folded G-CSF Cy>te<ne Mntebu 
Insoluble, K co/^expressed wild type G-CSF and G-CSF (C17S/Q173C) were refolded by 
procedures that varied the amount and type of reducing agent and the presence or absoice of catalytic 
amounts of copper sul&te. 5 mM dithiothreitol (DTT) vras chosen as the standard reducing agent based on a 
20 literature reference that describes its use m an optnnized refold protocol for G-CSF (Kuga et al., 1989). Lu 
et al. (1992) describes a protocol for re&lding/renaturing msoluble G-CSF that has no reducing agent 
present during flie sohtbilization step but does contain 40 )xM copper sulfate in the renaturafion buffers. 

E, eoli cultures (400 mL) were grown and expression of each G-CSF protein was induced as 
described in Example 8. The cells were lysed and the insoluble portion was isolated by centrifugation as 
25 described in Example 8. The insoluble material, which contained a majority of the insoteble O-CSF 
proteins, was suspended in 20 mL of 8 M urea, 20 mM Ttis, pH 8 and stirred tmlil homogeoeous. The 
mixture was aliquotted into 6 tubes. 5 mM IXTT or 25 mM cystrane were added to certain of flw tubes as 
described im Table 6. After one hour the solublizalian mixtures were diluted into 25 mL of 40 mM sodium 
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phosphate, 15% glycerol, pH 8 with and wiftout 40 (iM copper sul&te The refolds were allowed to sit at 
4°C for two days. At this time the pH of each was adjusted to 4. Hie refolds were centrifiiged, the 
supematants loaded onto an S-Sephart)se colmnn and the G-CSF wild type and Q173C proteins purified as 
described in Example 8. Column fiactions were pooled based on non-reducing SDS-PAGE analysis, as 
S described in Example 8. The amount of each protein recovered aAer cbromatogiq)!^ is shown in Table S. 



■ Protein recovered ftom 67 ml of B. co 



As shown in Table 8 the greatest yields of G-CSF wild type and flu G-CSF cysteine mutein were 
achieved when cysteine was used as the tedncmg agent during ftie solnbilizatioa step. The presence of 

15 copper sulfite (40 yM) appeared to maiginally enhance recoveries nten used in coqjunction with a 
reducing agent Non-iedudng SDS-PA0B analysis of wild ^e G-CSB protons recovered using Refold 
protocols A-F showed fliat each conbdned predominantly a single molecular weight species of the size 
expected &r monomraic 0-CSF (i5)proxiinateIy 17 H)a under non-ieducmg conditions). In contrast, »*en 
the S-Sepharose column pools from G-CSF (C17S/Q173C) Refolds A-D were analyzed by non-teduomg 

20 SDS-FAGE, Oa final product band was broad and contained a number of different qiparent molecular 
weight q)ecies in llie monomeric range. Presumably the difKrent molecular weight, monomeric species 
represent difEfcrent disulfide iso&tms of tt>e G-CSF (C17S/Q173Q protem. The G-CSF (C17S/Q173C) 
protem recovered fetaa refolds E and F tan as a smgle sharp band that comigtated witti wild ^e G-CSF, 
uulicatmg that a single, predominant fbMed species had been recovered. The data show fliat addition of 

25 <^ineduimg the sohdiilizatioa and tefbldbgatq)8 significantly enhances flieyieM of pnqnrlyfold^ 
cap (C17S/Q173C) protein. Although not vnshing to be bound by any particular theory, we postuhtte fliat 
the added cysteine forms a mbied disulfide with flie fiee cysteme residue ui the nmtein. The mixed disulfide 
limits possible disulfide teatiangments fliat couM occur mvolvmg flie firee cysteine residue. Cysteme msy 
be more eSecUve than DTT because DTT typically does not fbim mixed disulfides due to a 
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Enunplen 

Comparison of G-CSF Protetai Stabilities Prepared in the Presence and Absence of Cysteine 
Wild type O-CSF and G-CSF (C17S/Q173C) proteins prepared as described in Example 11 using 
Refold procedure A (no reducing ageni, no copper sul&te) and Refold procedure F (23 mM cysteine, 40 \M 
5 copper soWb) wrae placed at SO°C at pH 4 and pH 8. At times 0, Snumites, SOminutes, 1, 2, 3, 4, S, and 
20 bours, the piotein aanqileg w«e cenbifiiged to remove any denatured {Holein precipitates. Aliquots were 
removed fiom&esi^enutants and frozen. At die end of tbe experiment, all aliquots were analyzed by non- 
reducing SDS-PAOE to detetmins wbat potfion of die original Q-CSF protein sample remained in solution 
and was monomeric Bach protein's soluble half-life was detemined based on relative band intensities as 
10 visualized on tlis gel The results are shown in Tabk 9. 



CMJSFWTItetbldA 



O-CSF WT Refold F 



G-CSF WT Refold A 



G-CSF WT Refold F 



Q-CSF (0173/01730 Refold A 



G-CSP (C17S/0173C) Refold F 



G-CSF (C17S/Q173C) Refold A 



G-CSF (C17S/Q173C) Refbld F 



The results show that wild type G-CSF has a longer soluble half-lifli at pH 4 than at pH 8, which is 
Bisteot with results previously reported by Arakawa et al.(1993). The soluble half-life of wild type G- 
' was not substantially different whether the protein was refolded usmg Refold Procedure A or F. In 
Irast, G-CSF (C17S/Q173C) had a much longer soluble half-life when the protein was refolded usmg 
sedure F (> 20 hours) rather than Procedure A {<30 minutes). Thus, in addition to mcreasing the 
>very of properly folded G-CSF cysteme mutems 
eases the thermal stability of the final product. 



pe G-CSF. Forexan^jle 
Is, tenqieratures and 



! aie stabilities of G-CSF cysteme muteins to wild 
bo performed by eiqiosmg the proteins to various 
tune points, the mtregrity of the proteins can be 
such as, but not limited to, die NFS60 in vUro cell proliferation bioactivity assay 
8, size exclusion cbromatogcqilv, Cticular Dichroism, EUSA assays md Weston 



30 Example 13 

In Vivo Eincacy of FEG-G-CSF Cystdne Mntdos 
GtoiqiB of diree male Sprague I>a«4ey rats, wd^iing ~ 320g each, received a smgle intravenous 
h^ection (kitraal tail vein) of wild tgpc recombmani G-CSF (prepared by Bolder BioTecbnoiogy), 
Neupogen® (a recambinant G-CSF soU by Amgen, Inc.) or PEG-UC at a dose of 100 |ig/l* Protem 
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concentrations were determined using a Bradford dye binding assay. At selected time points blood samples 
(03 to 0.4 ml) were draw ftora the rats into EDTA anti-coagnlant tubes. Aliquots of the blood samples 
were sent to a commercial firm for a complete blood cell (CBC) connt The remainder of the blood sample 
WBS centiiiuged and the plasma frozai at -80°C. Blood samples were drawn at 0.25 , 1 .5, 4, 8, 12, 16, 24, 
48, 72, 96, 120 and I44h post-iigeotiOD. A 0 h baseline saiqilB was obtained ~ 24 h prior to injection of the 
test ooiqimmds. Tables 10 and 1 1 show the mean blood neutrophil and total white blood cell counis for the 
different test groiips over time. All three test confounds stimulated an increase in peripheral white blood 
cells and neuttopfails over basdme values. White blood cell and neutrophil counts for the test groi^K 
receiving wild type recombinant OCSF and Nenpogen® peaked ~ 24 h post-injection and returned to 
baseline values by ~ 48 h. In conlnisl, vrfiilB blood cell and neutrophil counts for the rats receiving PEG- 
L3C peaiked -48-72 h post-injection and did not return to baseline values until ~ 120 h post-mjeotion. Peak 
vi*ite blood ceU and neulropha levels observed in 4e rats receiving PEG-L3C were significantly higher than 
for the gnnqis receiving wild type recombinant G-CSF or Neupogen® {p<0.05). The data mdicate that 
PE&-L3C is capable of gtimulating an increase in drculating nsuttopbil and white blood cells, and diat the 
absolute inraease in peripheral vAite blood ceU cotmts and neuinipbils is ^ter and longer lasting than that 
seen with wild type GCSF or Neupogen®. Similar experiments can be petfoimed to demonstrate efficacy 
of other PEGylated G<SF cysteine nniteins (C17 or C17S vendona). Similar studies also can be performed 
using the subcutaneous route for administration of the proteins. 



I of G-CSF, NenpogenIB and PEG-LJC on NentrophU Blood CeD Coonta FoDowint Single 
Intravenons Adndnlstratian of the Frotelmi (100 ng*g) 



Time(Hr) 


Neutrophils 
Mean+ASE 
rcells/ulbk)od^ 




G-CSF ■ 


Neupogen 


PEG-L3C 


0 


1,147+/- 167 


1,906+/- 564 


1,596+/- 462 




6,752+/- 923 


4,504+/- 549 


'4,237+/- 624 


8 


8,437+/- 546 


5,525+/- 894 


"5,939+/- 664 


12 




11,891+/- 1,545 


"8,470+/- 833 


24 


11,035+/- 788 


11.148+/- 977 


"14.849+/- 1,398 


48 


2,355+/- 218 


2,610+/- 245 


^18.488+/- 2.954 


72 


2,113+/- 438 


3,077+/- 590 


17,353+/- 2.5 15 


96 


2,086+/- 496 


2,675+/- 673 


"'5,467+/- 914 


120 


2.179+/- 373 


2.063+/- 469 


2.390+/- 238 



wcvp^or lunptucuDysDiaermoiecnnoiogy.liu 
" p< 0.05 vennis 0 bourneutropbil levels 
° p< 0.05 versus OCSF and Neq)Ogen at same time point 
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WUte Blood Cells 
Mem+/-SB 
(celWiilMood) 



252 11,100+/. 



16,000+/- 1,059 13,600+/- 570 13,700+/- 



25,500+^-1.734 



^1- 426 1530+/- 1.715 



11,300 +/■ 1,477 



■ Wild type G-CSF prepared by Bolder BioTechnology, Inc. 
^ p< 0.05 versus 0 hour white blood cell levels 
° p< 0.05 versus G-CSF and Neupogen at same time pomt 



Plasma G-CSF and PEGylated G-CSF cysteioe mutein protein levels can be 
commercially available G-CSF ELISA kits (R & D Systems, Inc.). Titration experiments 
to determine the relative sensitivity of the BLISA fi>r detecting wild type O-CSF, 
cysteine muteins and PEGylated G-CSF cysteine miteiiis. Similar studies can be 
subcutaneous route of administration of the protems. 

Plasma concentrations of the prateins from the efficacy experiment 

were measured using hunun G-CS!F BUSA kits purchased from R&D Systems, lac. Kesuits 
Table 12. The reaiUs indicate that 20 lcDa-PEG-L3C has a significantly longer circulating 
wild type G-CSF orNenjOgen* following mtravenous adn ' 
Table 13 



on of the protefais to rats. 



ins of G-CSF, Neupogen* and 20 kDa-PEG-L3C FoUowing a 
Administration of the Proteins (dose of 100 )ig/kg) 
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I 1 0.03 4/- 0.02 \o-y-o 

' Wild type 0-C5!F ptepaced by Bolder BioTedmolagy, Inc. 



20 kDa-PEG-L3C 



In vivo efficacy of Ifae PEGylated CWSF cysteine nmteim (C17 or C17S versions) can be 
measured in normal or nsulropeiuc lodents such as mics ornts by demonstntting that the proteins stimulate 
increases in circulating neutrophil levels and granulopoiesis compared to vehicle-treated animals. G-CSF 
stimulates nenlropbil levels in nonnal and neuliopenic rodents at a dose of 100 ng/kg (Kubota et al., 1990; 
Rang et al., 1995). For demonsbatiqg efficacy in normal mice, groups of 5 mice (weighmg ~ 20 g each) 
can receive subcutaneous injections of 0-CSF, PBG-O-CSF cysteine muteins or placebo (vehicle solution) 
al specified intervals for up to five days. Normal mice such as ICR mice can be purchased from a 
eommeicial vendor. On day 6 the animals can be sacrificed and blood samples collected for complete blood 
ceU count (CBC) analysis. Hematopoietic tissues (liver and spleen) can be collected, weighed and jSxed in 
fonnalin fiir histopathologic analyses to look for evidence of increased granulopoiesis. Bone marrow can be 
removed tmm various long bones and the sternum for unit particle preps and histopathologic analysis to 
look fin; evidence of in 



Students T test single con^fMuisons and one-w^ an 
should b. considered significant. Tbo PEGylated &CSF cysteine muteins should stimulate greater 
increases in circulating neutrophil levels and gcanulopoiesia in the mice con^iared to the vehide-treated 
mice. Efficaiqrofthe PEGylated CKSFeysleinemnteua modified with 5 kDa, 10 kDa, 20 M^^ 
PBGa can be tested when adnmustenri once, tmcepw day, evHy other ds^^ In initial 

experiments, different groups of mice can receive subcutaneous injections of 0.0032, 0.016, 0.08, 0.4 and 2 
Hg per injection of the PEGylated G<SF cysteme muteins. Conttol mice can receive vehicle solution only. 
Additional control groups can receive wild type G<SF (2 ps^ every day (ED) fbr 5 days) and 2Mg v^ 
0-CSF usnig the same dosing regunen as the PBOylated 0<SF cysteine muteins. 

EfBoacy of the PBGytoted OCSF cysteine muiems also can be danonstratsd in neutropenic mice. 
Neuttopeoia can be mdnced by tteatansnt with cyclophosphamide (CPA; 100 agfltg), lAich is a commonly 
used myelosuppressive chemotherapeutic agent and relevant to the human dmical setting. G-CSF 
accelerates recovery of normal neutrophil levels in cyclophoaphamide-lreatGd animals (Kubota et al., 1990; 
Kang et al., 1995; Matsuzaki et al, 1996). Mice (~20g) can receive an intrqietitoneal injection of 
cyclophosphamide on day 0 to mduce neutropenia. The animals shoold be divided into dii&ient groups, 
which should receive subcutaneous iqections otG-CSP, PEGylated G-CSF cysteine nmteins or placebo at 
specified intervals for up to five days. One control group should not receive cydophoqihsmide but should 
receive placebo injections. Efficacy of the PEGylated G-CSF cysteine muteins modified wifli 5 IcDa, 10 
kDa, 20 UJaor 40 kDaPEGscanbetestedwhenadministaed once, every oaierday,orevBcyflnrdday. In 
initial experiments, different grouja of mice can receive subcutaneous iitjections of 0.0032, 0.016, 0.08, 0.4 
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and 2 Mg per injection of the PEGylated G-CSF cysteine muteins. Control mice can receive vehicle solution 
only. Additional control groups can receive wild type <KSF (2 iig/ every day (ED) for 5 days) and 
2^ig/injecfion of wild type G-CSF using 4e same dosing legimsu as the PEGylated G-CSF cysteine muteuis. 
On days 0-10, five mice per gro^. can be sactiflced and blood and tissue samples analyzed as described for 
the noimal mouse eqjraiments above. Tlie PEGylated frCSF cysteine mnteim should sthmlate an 
accelerated inoease in circulating neotropha levels and grannlt^esia m Oe mice <xmqni«d to flifi veMcIe- 
injected, CPA-iiaectBd control poop. 

AltemativBly, efficacy of PBGylated G>CSF cysteme muteins can be demonstrated in neutropenia 
studies using a lat model. QwCSF accelerates flie recovery of normal neutrophil levels in rats treated with 
mj4eo>i?)preB8ive chanotlierapeutic agents. In to case, groups of Spagne Dawley rats (weighing ~300g 
each) can receive an intraperitoneal dose of CPA (100 mgflcg) at Day 0 to induce neutropenia. The animals 
can then be divided into three groups, fliose who receive subcutaneous injections of G-CSF, PEGylated G- 
CSF cysteme muteins or placebo at specified intetvals fbr tip to 10 days. One control group can receive 
phicebo iqjectioas rather than cyclophosphamide. In initial oqwriments, efficacy of the' PBGyhited G-CSF 
cysteine mutema modified with 10 H)a, 20 MJa and 40 kDa PEOs can be measured by performmg 
subcutaneous doses of -0.1 Mg-500 ivflsg (with the prefeiaitial raitge being 1-100 (igftg) when doses are 
administered once, every day, eveiy other day or every timrf day. An additional control grot? can receive 
commerciaUy available wild tn.e G<:SF (100 Mg*g) every day for 5 diQ« and another cont^ 
receive wild type G-CSF wiJh the same dose and dosmg t^ghnen as with the PEGjiated G-SCF cysteme 
mutants. Control rats can receive vehicle solution only. On days 0-6, 8, 10, 12, and 14 blood san^les can 
be collected for CBC ana^ At flie completion of die time course, the rats can be sacrificed for coUection 
of the hematopietic tissues and bone nunow to investigate evidence of mcreased granulopoiesis. The 
PEGylated 0-CSF cysteine mutants should stimulate an accelerated increase m circulating neutrophil levels 
and grmmlopoiesis m the tats compared to the vehide-ir^ected, CPA injected control gtoi?>. 



Cloning, Eipression, Fnilflcatlos and Bhwcttvify of Wild Type GM-CSF 
A. Cloning DNA sequences encoding (»(-CSP. We cloned and sequenced a cDNA encoding 
human GM-CSF by RT-PCR of total RNA isolated fiom the human bhidder carcinoma cell line 5637 
(obtained ftom flie American Type Culture CoEection). A cDNA encodmg G<SF was amplified by PGR 



m total RNA isolated from die hum 



cell line 5637 (American Type Culture 



Collection). The cells were grown in RPMI 1S40 media supplemented with 10% EES, SO un 
and 50 MgAnl steptomycia RNA was isolated from tire cells using an ENeasy Mini RNA isolation kit 
purchased from Qiagen, Inc. (Santa Clarita, OA) foUowing the manuftcturer's directions. First strand 



synthesis of single-stranded cl 



A Synfliesis Kit for RT-PCR 



(AMV) ftom Boehringer Mannheim Corp and random bexamers were used as the primer. Subsequent PCR 
reactions using the products of the fust strand synthesis as template were carried out with forward pr 
BB267 (5 > GAC ACT GCT GCT GAG ATG AAT G > 3; SBQ tt) NO;75) and reverse primer BB268 
err GTA GTG GCT GGC CAT CAT G > 3; SBQ ID NO:76). Primer BB268 anneals to Bve 5' end o: 
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coding sequence for the GM-CSF secretion signal and the reverse primer, BB268, mmesh to the 3' end of 
the GM-CSF coding sequence. The resulting - 450 bp PCR product was digested with Hind M and Bam 
m, gel purified and cloned into pCDNA3.l(+) vector that had been digested with Hind M and Bam m, 
alkaline pho^hatase treated, and gel purified. A done with the conrect DNA sequence was designated 
pCDNA3.1(+)::GM^fiia or pBBT267. We used PCR to modify this GM-CSF clone for periplasmic 
ejqmssinn in E. coll. Whm oqttessed in £. coll. via secietian to the periplasm, GM-CSF does not contam 
an added N^erminal mettiioiiine and has an amino acid sequence identical to naturally occurring GM-CSF 
(Lee et al, 1985). In order to expcess a secreted form of GM-CSF, PCR was used to fiise the leader 
sequence of the £ a»« heat^table entetotoxin (STII) gene (Picken et al., 1983), preceeded by an ffde I 
restiction site, to the ammo-temiinal coding sequence of mature GM-CSF. In addition, a TAA stop codon, 
fcllowed immediately by an £to RI testrictiaa site^ was added allowing the carboiiy-aarainal residue, 
B127. At the lame time, codons ftr prolines atpositiona 2, 6, 8, 12, 117 and 124 were aU changed to CCG, 
and the codon fiir leucme at position 114 was changed to CTG. The PCR reaction used forward primer 
BB300 CS> COC AAC GOG TAG GCA OCA CCG GCC CGC TCG CCG AGC CCG AGC ACG CAG 
CCG TOG QAO >3; SEQ ID NO:77) and reviaw primer BB301 (S> CGC GAA TTC TTA CTC CTG 
GAC CGG CrC CCA GCA GTC AAA COG GAT GAC CAO CAG AAA >3; SBQ ID NO:78) with 
PBBT267 as tenqjlate. The resulting ~ 400 bp PCR product was digested with iflij I and RI, gel 
purified, and oloned into pBBT227 vAich is described in Exan^le 9 above. pBBT227 DNA was digested 
withJlflHlandfeo W, alkaline phosphatase treated, and run out on a 1% agarose gel. The ~2.4kbvector 
fi:agnBnt was purified and used m ligation. The resulting tecombuumts cany a complete stH leader fiised to 
OM-C£!Fandfiiia'M.OM-CSF-con8tructcanbeeKisedasanA<&I-JtoRIflagmajtof~450bp^ One 
clone wifli the conect sequence was designated pUC18;;stII-Cai-CSF. Por expression studies the ASfe I - 
Eco RI fragment of this plasmid was subclcmed into the expression vector pBBT2S7, which is descnbed in 
below. The resulting plasmid, pBBT257i sBI-muGM-CSF, orpHBT271 was introduced into E coS W3110 
for expression. 

The plasmid pBBT257 was derived from the expression vector pCYB 1 (New England BioLabs) by 
deleting the ampiciUm resistance gene of pCYBl and replacmg it wiih flie gene fin- tetracycline resistance 
derived from the classic cloning vector pBR322 (BoUvar et al, 19T7) In both pBBT257 and pCXBI, 
expression of the cloned gene is under the control of the lac promoter, which is regulated by the product of 
the plasmid-bome lacP gene' These vectors allow genes to be expressed as unfiised proteins or as fiisiona to 
a chitin binding domain: our constructs were created so that the proteins are expressed as un&sed proteins. 
Plasmid PBBT257 was constructed as follows. The tetracyoane resistance gene (To« gene) of plasmid 
pBR322 (purchased from New England MoLabs) was amplified by PCR using primers BB228 (5> CGC 
OCT GCA GTT CTC ATG TIT GAC AGC TTA TCA TC >3; SEQ ID NO:41) and BB229 (5 > CGC 
OCT GCA G AT TTA AAT TAG CGA GOT GCC GCC GGC TTC CAT > 3; SEQ ID NO:42). Forward 
primer BB228 anneals to nucleotides 1 through 25 of the pBR322 sequence (GenBank Accession # 
J01749), which are located upstream of the Tc" gene and include the "-35" portion of the Tc" gene 
promoter. Oligo BB228 contains an added Pi/ I site for cloning purposes. The revise primer BB229 

m of die danslational 
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stop codon that follows the coding sequence of the To"^ gene. BB229 contains an added Dra I site for 
cloning purposes. The 40 (U PGR reaction was perfoimed in 50 mM KCl, 10 mM Tris-HCl (pH 9.0 @ 25' 
C), 0.1% Triton® X-100, 1.5 mM MgClj and included dNTPs at 200 mM each. 20 pmole of each primer, 
0.5 ng of pBR322 DNA. 2.5 units of Taq poljonerase (Promega). and 0.5 nnits of PFU polymerase 
(Stratagene). The PGR reaction consisted of 95° C for 3 minutes, 23 cycles of [94° C for 30 seconds, 60° C 
for 30 seconds, 72° C for 90° seconds] followed by a 4° C hold. The resultmg -1300 bp product was gel 
purified, digested with Pst I and Dra I and used in a ligation reaction as described below. Purified pCYBl 
DNA vras digested with Pst I and Sml and treated with calf intestine alkaline phosphatase according to the 
vendor (New England BioLabs) protocols. Pst I and Swa I each cut the vector once and flank the ampicillm 
resistance (ApR) gene. The digestion products were cleaned up usmg a Qiaquick PGR Cleanup Kit 
(Qiagen) according to the voidor protocol and subsequently run out on a 1 % agarose gel. The -5.3 kb 
vector fisgment, deleted fiir the Ap^ gene, was gel purified and ligated with the Pst I -Oral cut PGR 
product contaimng the Tc* gens. Both i)ra I and Swo 1 generate blunt<nded digestion products that can be 
m E. coll DH5a and tetraoyolme-resistant 
Ed and all were fbund to be sensitive 
im Hiese isolates were also consistent 
with deletion of the -ISM bp ftt I and SIM I fiagmmt conlaimiw ite 

-1300 bp «« I - Dro I fiagment ftat caiiies the Tc* gene. One isolate, designated pBBT257. was chosen 

B. Expression ofWlW Type GM-CSF In iE coli For expression of secreted GM-CSF,pBBT271 
[pBBT257::STn-OM-CSF] and tiie pBBT257 parant vector, weie Hans&nned mto E. coli W3n0. The 
resulting strains were designated as BOB340; W3110(pBBT257) and BOB350: W3H0(pBBT271). Fresh 
saturated ovemght cultures were inociUated at ~ O.0S OD @ A«„ in IB containing 10 Mg / 
These 100 na cuituiBS WTO gtovm in a 500 nO, baffled shake flask at 28«C in 8 gytotory shto 
at -250 ipm. Wlien the culture reached a density of - 0.6 OD, IPTG was added to a final concentation of 
0.5 mM and flie induced cultate was then nicubated overnight for -16 h. Samples of induced and uninduced 
cultures were analyzed by SaJS^polyactylamide gel electiDphotesis (SDS-PAO^) on precast 16% TWs- 
ils and stsined with Coomassie Blue. The induced culture of BOB350 (GM-CSF) 
ly 14 kDA, which is consistent with «ie mature CM<:SF nulecular wei^t nils 
band was not detected hi an uninduced culture (rfBOB350 or in induced or uninduced cultures of BOB340, 
the vectOM>nly control. Western blot analyses showed that flus -14 kDs band reacted strongfy willi an snli- 
huraan GM-CSF antiserum CR&D Systems). This antiserum did not recognize protema in umnduced 
cultures of BOB340 and BOB 350 or m the induced culture BOB340, the vector only control. These 
Western blots also showed that 
GM-CSF standard purchased & 

al sequence was properly processed. 
The 16 hour post-mduction san^iles ftom these cultures also were subjected to osmotic shock 
aJ on the pioceduie of Koahland and Botstem (1980). This procedure ruptures Uie E. coll outer 
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membrane and releases the contents of the periplasm into the sntiounding roedinm. Subsequent 
centrifiigation separates the soluble p 



!red in the supernatant) from 
is (recovered in the peUet). Little of the 
The bulk of the GM-CSF remained 
associated with the peUct. This indicates that while the protein appears to be processed and secietBd to fte 
periplasm, it accumulates there primarily in an insoluble form. Similar results have been reported by others 
&r GM-CSF secreted to the EcoU periplasm (Ubbyetal., 1987; Greenberg et al., 1988). 

C. Pmlfleatioii of Wild l>pe GM-CSF. Wild type GM^F was expressed and pmified at a 
larger scale using the fcllowing prolocob. A flesh saturated overnight cultuie of BOB350 (wUd type) was 
inoculated a( ~ 0.05 OD @ A«»in LB COTtaioing lOng/ml tetracycline. The 400 ml culture was grown in 
a 2L baffled shake flask at 28''C in a gyiotory shaker water bath at -250 ipm. When the culture reached a 
density of ~ 0.6 OD, IPTG was added to a final concentration of 0.5 mM. The induced culture was then 
incubated overnight for -16 h. The cells were pelleted by centrifiigation and ftozen at -80° C. The cell 
pellet was thawed and treated with J mL of B-PER ™ bactetial protein exHaction reagent according to the 
manufiMsturer'B (Pierce) protocols. He insoluble portion, and the bulk of the GM-CSF protem, was 
recovered by centtifegstiou and resuspeoded in B-PBR. Thia mixtuiB was treated with lysozyme (200 
(tg/mL) &r 10 min to ftrfher disn^t the ceU walls, and MgPk (10 mM final) and profease-free DNAse (2 
(igAnl) wae added. Insohible GM-CSF was collected by centrifiigation and washed, by resuspension in 
water and recentrifligation, to remove most of the solubilizsd ceU debris. For refoldmg, the resulting pellet 
«mtaimng insoltible GM^F was dissolved hi 10 nd of g M urea. 2S mM cysteine m 
This mixture was sthred fiw 30 min at room tenvetrture ton diluted mto 100 ml of 20 mM Tris, 40 
copper sul&te. 15% g^iroeiol, pH 8.0. This refold mature was held at 4'C for 2 days and then centrifliged 
and loaded onto a 5 ml Q-Sephatose column (Pharmacia Hil^^) equilibiated in 20 mM Tiia, pH 8.0 
(Buffer A). The bound proteins were eluted with a linear salt gradient ftom 0-3594 Buflte B (IM NaCl, 20 
mM Tris, pH 8). Column fractions woe analyzed by non-teducmg SDS-PAOB. (ffil-CSF elided at 
approximately 230 mM NaCL Ftactians containing primarily OM-CSF were pooled. 

The (^Sq)harose pool was diluted Witt an equal volume of 30% ammonium sul&te and wanned to 
room tanperature before being loaded onto a 1 mL Phaqrl HP column CPhaimacia HiTnq)) previously 
equUibrated with 15% ammonium sulfote in 20 mM sodhnn phosphate, pH 7.5. Purified GM-CSF was 
recovered from the column by elution with a reverse salt gradient (15% ammonhun sulfote to 0% 
ammonium sulfate in 20 mM sodium phosphate. pH 7 J). The Phenyl HP column ehtian profile for CSrf- 
CSF showed a single major peak, eluting at approximately fi.5% ami 
across the peak were analyzed by non-reducing SDS-PAGB. Fractions 
contaminants were pooled. The final yield of wild type GM-C 
about 2.6 mg from 400 ml of cnltnre. N-terminaJ sequencing of wild type GM-CSF i 
degradation chemistry yielded the sequence APAESPS, which identicaUy matches the first seven ammo 
acids of mature human GM-CSF, and indicates that the N-terminus is correctly processed (Lee etaL. 1985). 
Purified wild type GM-CSF and commercially available GM-CSP (£ co//-expressed; R&D Systrans) co- 
migrated under reducing and non-reducing conditions as shown by Western blot analysis. Both proteins 
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because of the disin)tioii of the intramolecular diodfide bonds. 

V-lh KtoBIOMUvifte of Wild lype GM^. A ceB prolifemtion assay using th 



erythroleulcemic ceH line CKitamm e. al., 1989) developed to measure bioactivily of wild type GM- 
CSF. The bawan TF-l ceB line was obtained from the American Type Culture Collection. Hie cells were 
maintained in HPM 1640 media si^tenented will. 10% EBS, 50 unitsU penicillin, 50 msW 
stnptonq^in and 2 ng/ml recombinant human GM<SF (IT. eoIMerived; R&D Systems). In general, the 
bioassaya vrere set ^. by washing Ite TF-l celU ttow times wifli Km 1640 media (no additives)' and 
resuspending the cells at a concentration oflxlO'/ml in BPMI 1640 media containing 10% FBS, 50 units/ml 
penicillin and 50 Mgtol sdeptonycin (assay media). Fifty pi (S^VP cells) of the ceU suspension was 
aJiquotted per test weU of a flat bottom 96 weU tissue culture plate. Serial dilutions of flie protein sanmles to 
be tested were prepared in assay media . Serial dUutions of commercial recombinant human GM-CSF (£. 
co;^express«i; R&D Systems) w»e anriyzed in parallel Fifty Ml of the dU^ 
to the test wcdls and the plates incubated at 37»C in a humidified 5% CO, tissue culture inc^ 
samples were assayed in triplicate wells. After ~ 3 days, 20 m1 of an MTSm^S mixture (CeUTte 96 
AQueons One Sohmon, Promega) was added to each weU and the plate, iaoubated at 37"C in the lis^ 
culture incubator fbrl-4h. Absorbance of the well, was re«l at 490 mn using, mi^late reader. Contrel 
wells contained media but no cells. Mean absoibance values for the triplicate control wells vrere subtracted 
irom mean values obtained for the test wells. EC50S, the concentration at half maximal stimulation, were 
calculated for each sample to compare bioactivities of the piotems. 

The TF-l cell line shows a strong proliferative response to OM^SF, as evidenced by a dose- 
dependen. mcrease ia cell number and absorbanoe values. Commeroial OM<:SF and OM-CSF pn^d by 
us had mean EC^s of 97 and 105 pg/ml, respectively, in the bioassay (Table 13). 

Example 15 

Construction, Expression, Purification and Bioactivlty of GM-CSF Cysteine Mntelna 
A. Construction of GM-CSF Cysteine Muteins. Thirteen mutant QM-CSF gmes were 
constructed using site-directed PCR-based mutagenesis as described m general by limis et al., 1990) and 
Horton et all, (1993) and in the Example 9. We constructed five muteins in the amino-tenlal region 
proximal to Helix A t*-lC (the addition of a cysteine residue onto the natural amino temnnus), AlC, A3C, 
S5C and S7C]; one mutein in the B-C loop [S69C]; tinw muteins in the C-D loop IB93C, T94C, and 
TI02C]; and three muteins in the carboxy-temuual region distal to Helix D [V125C, Q126C and *128C (the 
addition of a cysteine residue to the natural carboxy-terminus)]. We also consl^cted one mutein at a 
putative N-linked glycosylation site IN27q, which is localod at tte distal end of Helix A. The template 
used for the mutagenic PCR reactions was plasmid pBBT268 m which the STH-GM-CSF gene is cloned as 
mNdeI-&om fragment in pUC18. PGR products were digested with appropriate restriction 
endomKdeases, gel-purified and Ugatrf with pBBT26S vector DNA that had been cut with those same 
restri«ionenzymea,alkaUnephosphatasetreated, and gel-purified. Ttansformants from these ligations were 
grown ^> and plasmid DMAs isolated and sequenced. The sequence of the entire cloned mutagenized PGR 
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5- the presmce of fte mutation of interest, and the absence of any additional 
be introduced by the PGR reaction or by the synthetic oUgonudeotide 

m in £ coli as protHos secreted to Uie peripiasmic space, the STD-GM-CSP genes 
ans were excised fimn Oie pUC18-based pBBT268 dwivatives as AWe I - Eco RI 



;.cofiW3110. 

Usmg ptDcednm nmilu to those described hen:, one can ccaatnict otter cysteine muteina of OM- 
CBF. 'HKcystirineirarteins can he substitution mutatioDsthirt substitute (grstei^ 
in the Q1V[-<SF coding sequence, msation mutationB that insert a (ysteine i^^ 
occurring aniino acids m the GM-CSF coding sequence, or addition mutations that add a cysteine residue 
preceding the first amino add. Al, of the (ai-<SF coding sequence or add a cysteine residue ibl^ 
tetmmal ammo add residue, B127. of the GM^SF coding sequence. The cysteine residues can be 
subsUtuted any amino acid, or mserted between any two amino adds, Bi^v^ 
sequence. Preferred sites fyc substituting or inserting cysteine residues m GM-CSF ate in tte region 
preceding Helix A, the A-B loop, flie B-C loop, the C-D loop, and the region distal to Helbt D. Other 
piefeired sites are the first or last three amino adds of the A, B, C. and D Helices. Some preferred positions 
for cysteine mutations are described m Table 13. Otter preferred positions mchide R67C, G68C, UOQ 
R30C, T32C, A33C, E35C. N37C, T39C, E45C, D48C QSOC, BSIC, Q99C 'regC. BUSC andB127C. to 
addition to the mutations described above, other preferred residues m tteae regions for creating cysteine 
substitutions are described in PCT/IIS98/14497. 

One also can construct GM-CSF mutdns containing a &ee cysteine by substituting another andno 
acid for one of the natotally occurring cystdne residues in GM-CSF that normaUy forms a disulfide bond. 
The naturally occurring cysteine residue that normally forms a disulfide bond witt the substituted cysteine 
residue is now fise. The cysteine residue can be replaced witt any of die other 19 amino acids, but 
preferably witt a serine or alamne residue. A fiee cystdne residne also can be introduced into GM-CSF by 
ohemicBl modification of a naturally occurring amino acid using procedures such as those described by 
Syflcowsldetal.{1998). 

Multiple mutants containing two or more added free cysteine residues can also be constructed 
mutagenesis using the procedures described in Examples 8, 9, 14 and IS or 



or more free cysteines. The preferred multiple mutants would be fliose 
ftat combmed two or more cysteine muteins that each retain high activity when PBGylated for example A3C 
plus S69C S69C plus E93C, and A3C plus E93C. Other prefeired multiple mutants can be deduced based 
on the data ftom Table 9 and Table 10 and would include combinations contauimg two or more mutations 
ftom tte paap including *-lC, AlC, A3C, S5C, S7C S69C and E93C. 

Usii« procedures similar to those described in Examples 14-16, one can express the proteins in 
E. colt, purify the proteins. PEQylate tte protdns and measure their bioactivities in an fa mtro bioassay. 
Tte protetas can be expressed cytophismicaUy in E. coli or as proteins seoeted to tte peripiasmic space. 
The mutdns also can be expressed in eukaiyotie ceUs such as insect or mammalian cells, usmg orocedures 
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IT 10 those described to PCr/US00/DO93I. or elated p™ced»re, «eU tao™ .0 tac skiUed in the art 
fa.™ eakaiyotic cells fa desired. 4e nataal GM-CSF signal sequence, or aaote signal 



«- S. coli strains expressing the 13 
GM-CSF cysteine muteins g„™, ind«=ed and harvested using fl. p™,ocoIs described for wild type 
GM-CSF nt Ex«^,le 14. Ti. n«.,eins were »folded and p»ified using the protocols described for wild 
.)^e™inEx«,,,,el4.T,„n>meinee....edfi.n..heQ-S^ 

mM Naa and ftom ftom the Phenyl HP column at appraximatdy 6-8% anmuHuun, sulfite. Tie nmtetes 
It! Of ~ 14 IdDa by nonrreduchig 

C. BloaetWtie. of GM-CSF Cyrtein. Mnteto^ The 13 ptnified GM-CSF cysteine muteins were 
assayed in tiw TF-1 cd] proliferation assay. Piotem 
I»X)tBfaBss«orkit{Bio.RadLabotatotie8). Commcreial wild ^ GM-CSF arf 

by us we analyzed in paraUd on the sane days .0 control tbrmterdayvaridMUty to AU 13 

m of the TF-I cells to the same extent as the wild ^ GM-CSF control 
1 BCsos for the 13 nmtdns ran^ ftom 80 to 134 pgfal (Table 13). 

Table 13 

Properties of GM-CSF Cysteine Muteins 




ed range of ECso vatoes; mmiber of assays to paienflieaes. 
ial wild type GM-CSF (R&D Systems) 
• ■wad ^ipe GM-CSF prepared by Bolder BioTechuology 



Id BioactlTUy of GM-CSF Pysfelne Mntehu 

A. PreUmtoaryPKGylationstadlet Initial PEGylatioa reaction conditions we. 

«singAlC,S7C«>dS69Cas,hetestpro.etos.TCEP[I«s(2.carboxyethyl)phosphmc]^^^ 
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agent and 5kDa cy^tdne n=active PEGs from Shearwater mym^. Ttoee aKquote of lie purified 



Id GM^SF 



a iimeasing concentrations of TCEP at room 



Jtui* in 100 mM Tris, pH 8.5 in the presence of excess 5 kDa maleimide-PBG or 5 IcDa vinylsulfone- 
onns 0 a polyefliylene glycol poljmer con^osed of a molecular weight average of 5 kDa with 
:ve maleimide or vitylsulfoae group at one of flw polymer ends). The maleimide and vinyl sulfone 



, — a high selectivily for mercaptan groups such as those 
contained on eystrine side chain,. Alto 90 min. the reactions we hnmediately analyzed by non-reducmg 
SDS-PAGE. The amoimts of TCEP and particular PEG reagent that yielded significant amounts of 
nanoPEGylated cysteme protem, without modi^ mid t^e GM^, we„ chosen for use in subsequent 
experm»ut». The titration e^eritnents indicted Oat atpH 8.S. a I5-fcld molar excess of TCEP and 20- 
&ld excess of 5 kDa maleimid<.PEO yielded aignifi«mt amounts of monoPEGylated AlC protein and 
monoPEGylated SVC protein without detectable di- or tri-PEOytaled protein. In the case of QM-CSF S69C, 
5 ld3a vinyhiQlfene-PEO vms preferred over 5 UJa maleimide-PEO. and yielded significant amounts of 
monoPEGylated S69C protein. Kscombinant wild ^ QM-CSF was unreactive to the PEGa, even m the 
presence ofaStt-ftldmolar excess of TCEP. Conttol e:q,erimenls indicated that the muteins needed to be 
partially reduced to be PEGylated. 

B. PrepamUon and Pnrlflcafion of PEQ^ted CM-CSF Cysteine Mntefau: Aliquob of 200 to 
300 us of 10 purified GM-CSF cysteine mnteins weie PBOylated to provide niiEdent material for 
purification and characterizafian. The larger PEGylatian reactions also were perfinmed for 1.5 hr at room 
temperature. For each of the mutants, a IS-fold excess of TCEP and 20.fbld excess of 5 IcDa maleunide- 
PEG was used. The only exception was S69C where 5 tDa vmylsuIfene-PEG was used. Tljese reaction 
conditions yielded monoPEGylated protein for aU ten mulshis. At the end of the reaction time, the 
PEGylation mixture was diluted 20X with ice cold 20 mM Tris, pH 8.0 before bring loaded quickly onto an 
Q-Sepharose column (1 mL, HiTrap) using conditions similar (o those described for the initial purification 
of the GM-CSF muteins (25 mL gradient, 0-0.35 M NaCl m 20 mM ■IMa pH 8). TTm. presence of the PEG 
moiety decreases fte protem's affinity lot the resin, allowing the PEGylated protein to be separated fiom the 
non-PBGylated protein. Non-wducmg SDS-PAGE analyses of the PEGylation reactions showed that only 
detectable PBOylated species was the PEG-GM-CSF cysteine mutcin monomer. whi<* migrates with an 
apparent molecular weight ~ 26 kDa. The chromatogmn from the Q-Scpharose column showed two m^or 
protein peaks. The early eluting major peak (160-200 mM NaCl) was determined to be mono-PBGylatBd 
QM-CSF protein by SDS-PAGE. The second major peak (200-230 mM NaCl) was determined to he 
unreacted GM-CSF protein. Fractions from the early eluting peak containing predommantly 
monoPEGylated GM-CSF cysteme mutein were pooted m>d used for bioactivity measurements. All the 
GM-CSF muteins were PEGylated and purified by fl« identical protocol. The PEGylated proteins displayed 
similar apparent molecular weights by SDS-PAGE, except for the PEG-B93C and PBa-T94C muteins. 
which displayed slightly smaller apparent molecular weights. Four of the cysteine muteins in the N-teiminal 
regkm r-lC. AlC. A3C. and S7Q also have been PEGylated on a small scale usmg 10- and 20 kDa 
maleimide PEGs. These reactions were perfermed with 3 ng of each mutein using the conditions described 
above, and analyzed by SDS-PAGE. Each of fliese protems reacted readily with the 10 kD. and 20 kDa 
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PEG msfints, yielding mmoPEGylated ptoton. 40 kDa-PEQ-ABC was aUo prepared foUavring the 
protocol described above. This protocol was scaled up to provide larger quantities of tie 10 kDa-. 20 IcDa- 
and 40-lcDa-PE&.A3C proteiii. 

C. BioactlTlfies of PEC^ted GlVf-CSF Cysteine Mntelns: We pu 
muleins C.IC, AlC, A3C, S5C S7C, S69C and B93Q modified with a 5 IdDa PEG for ac 
concentration and specific bioactivity measurententa. Biological activitiea of tte 7 purified 5 IcDa- PEG- 
GM-CSF cysteine muteins were measined in the TF-l cell proliferatian as«iy. Concentrations of tbe 
protefas w«e determined nsing a Bradfiad dye binding assay. AB of the PEOylaled GM-CSF cysteine 

wild type GM-CSF. Mem BCms ftr the PBO<af-CSF cysteine muteins ranged ^"^^^3^2 
arable 14). 



Table 14 

BioactiTlties of PEt^lated GM-CSF Cystdne Muteliu 



GM-CSF 


5 kDa PEG Protein 

MeanECjo 

±SD(p«/mI) 


SJcDaPEGProlBin 
ECso Range' 
(pg/ml) 




96±5 


90-100(4) 


AlC 




110-120(4) 


A3C 


106 ±3 


105-110(4) 


S5C 


80±II 


70-100(6) 


S7C 


123 ±15 


110-140(4) 




g8±6 


80-95(4) 




g6±5 


80 - 90(4) 



' Observed range of EC]o 



Steal activilies of the A3C muiem modified with 10 JcDa-, 20 kDa- and 40 IdJa-PEG 
e measured ui the TF-l cell p 



a Bradford dye binding assay. Each of the PEG-A3C pnrtems stimulated ptoli&ation of 
TF-l cells. Mean ECjoS for the 10 IcDa-. 20 IcDa- and 40 iDa-PEG A3C cyslame mnleins wen 78 +/. 3 
pg/ml, 1 13 +/- 5 pg/ml, and 300+/- 50 pg/ ml, respectively (I*-4aas^ftreachprotBm). 

D. Apparent Molecular weights A3C modUted with SkDa-, lOicDa-, 20 ItDa, and 40 U)a-K 
pegs: The apparent molecular weights of the PEGylated GM-CSF A3C piotehu were detemiined by size 
exchisionHPLC (SEC) using a Biorad Bio-Sil SEC-400-5 column on a Beclman System Gold HPLC. An 
isocratic gradient consisting of Phosphate Buffered Saline was used as the eluant Retention tunes for each 
protein were used to calculate molecular weights based on a standard curve geneisted with gel filtration 
protein standards (BioRad Laboraories, Kichmond, CA). The PEG ylated prolefas di^layed dramatically 
increased apparent molecular wei^ls relative to the non-PEGylated (M-CSF Clable 15). Larger PBOs 
increased file ^(parent molecular weightof the protem m 
&r PEGyhted cysteine muteins of GH, IFN-oi2, and G-CSF. 



SUBSTITUTE SHEET (RULE 26) 



Apparant Molecular Weights of PEGylated GM-CSF Cystebie M 





Apparent SBC Molecular 
WdsMfdaltoiis) 


GM-CSF 


20,000 


5kDa-PEQA3C 


80,000 


10kDa-PEGA3C 


200,000 


201cDa-PEGA3C 


470,000 


40kDa-PEGA3C 


680,000 



Ctontog, Expression, Purification and Bioacfivity of Wild Type Murine GM-CSF and Cysteine 
Muteins of Murine GM-CSF 
We cloned and sequenced a cDNA encoding the mature mouse GM-CSF by RT-PCR of total RNA 
iaolated ftom the mouse BL4.tt^2 oeU line (catalogue # TIB- 1 8 1) obtained from the American Type Culture 
Collection (Knckville, MD). The cells wete grown in DMEM media supplemented with 10% FBS, 50 
anitatal penicillin and JO ngtal streptomycin. The cells were induced for 6 or 24 h with 1 ng/ml PHA-L 
(Sigma-Aldrioh Chcanical Comjany, catalogue # L-4144) and 10 ng/ml PMA (Sigma-Aldrich Chemical 
Con^iany, catalogue # P-ISSS) in DMEM medum, 10% FBS, 50 unitstal penicillin, 50 flgAnl streptomycin 
at prior to HNA isolation. SNA im isolated flcm the cells using an RNeajy Mini 
purchased tarn Qiagen, Inc. (Santa Clarila, CA) fbUowing ilie manuftK^turcr's directions. First strand 
synthesis of smgle-stranded dINA was accomplidied using a 1st Strand cDNA Synthesis Kit for RT-PCR 
(AMV) fiom Boebringer Mannhehn Corp and random hexameis we 
PGR reaction ustog the products of the first strmd synftBsis as templat 
BB481 [S> GOG AC GCQ TAG GCA GCA CCC ACC COO TCA CCC ATC ACT >3; SBQ TD NO:43] 
and reverse primer BB482 . BB481 amieBla to the 24 nucleotidea encoding the first eight amino acids of 
mature mouse GM-CSF. BB481 also adds, immediately J' to this sequence, nucleotides that overly the 
sequences encodmg the caAoityterminal 4 amino acids of the K coli stH signal sequence described above m 
Example 7 and by PickenetaL (1983). These U nucleotides inctode an Afti I restriction site. BB482 [5> 
GCO GAA TTC TTA TTT TTO GAC TOO nr TTT OCA TTC AAA GGG >3; SEQ ID NO:44] anneals 
to the nucleotides encoding tte carboxytenninal tax ammo acids of mouse GM-CSF and adds a TAA 
translational stop codon and an firo RI restrictiou ate unmadiately foUowiag the coding sequence. Both the 
fih and 24h RNA samples yielded a GM-CSF RT-PCR product The resulting ~ 400 bp PGR product fiom 
the 6h RNA sample was digested with M« I and Eco RI. gel purified, and cloned into pBBT227 
[pUC18::stn-G-CSF(C17S)] which is described in Example 8 above. pBBT227 DNA was digrated with 
m I and Eco RI, alkaline phosphatase treated, and run out on a 1% agarose gel The ~ 24 Id) vector 
ftsgment was purified and used in ligation. The resulting recombinants carry a complete stn leader Ihsed to 
murtoe GM-CSF and this "stH-muGM-CSr construct can be excised as an AWe I - Eco RI fragment of ~ 
450 bp. One done with the correct sequence (Cough et al, 1984) was designated pUC18::stn-mu(af-CSF 
or pBBT435. For expression studies the iWe I - RI fiagment of pBBT435 was subcloned into die 
ei?msssion vector pBBT257, «Aich is described in Example 14 above. The resulting plasmid, 
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>r PBBT456 ma introduced into E coli W3no for expression. Wild type 



Mutant m«me GM^SF genes cm be canrtmcted using Hte-diiected PCR-based mutegenesis as 
in general by liurisetal., 1990) «MlH<»tonetaIU1993)a^ One 
"lutein, T3C was canstracted in the afflino-temiinal region praximal to Helix A. The mutagenic PCR 
««rtion vm earned out using ptanid pBBT43S (described in Example 17) as ten^lste and forward 
primer BB504 [5> GCO AC GCG TAC OCA GCA CXX3 TCC CGC TCA CCC ATC ACT >3; SEQ ID 
NO:45] and reverse prima- BB482 t5> GCG OAA TTC TTA TTT TTG GAC TOO TIT TTT CCA TTC 
AAA GGG >3; SBQ ID N0:4q. BB504 ChaqjM Hb ACC codon for threonine at position 3 of mature 
mouse GM-CSF to a TGC codon fe cysteme. The resulting ~ 400 bp PCRproduct was digested with AAi I 
and Eco RI, gel purified, and cloned into pBBT43S that was digested with Mill aid feo HI. alkaline 
phosphatase treated, and gel-puriCed. One clone wifl, the cornet soinence was designated pUCI8:stII- 
muGM-CSF(T3C). For expression studies the AMe I - Eco RI fiagment of this plaamid was subcloned hito 
the expression vector pBBT257, which is described in Example 14 above. He resulting plasmid. 
pBBT257::stn-muQM-CSF(T3C), or pBBT469 was introduced into E coB J1V1I09 for eiqiression. The T3C 
mutein of mouse GM-CSF was expressed and purified using die protocols for expression and purification of 
human GM-CSF described in Example 14 above. 

Using procedures similar to diose described here, and m Examples 9 and IS above, one can 
construct other cysteine rauteins of mouse (M-CSF. The cysteine muteins can be substitution mutations 
ftat substinite cysteine for a natural amino residue m the GM-CSF coding sequence, insertion mutations that 
insert a cysteine residue between two naturally occmring ammo acids hi flie mouse GM-CSF coding 
sequence, or addition mutations that add a cysteine residue preceding die first ammo acid of the mouse GM- 
CSF codmg sequence or add a cysteme residue following the terminal amino acid residue of the mouse GM- 
CSF codmg sequence. The cysteine residues can be substituted for any amino acid, or mserted between any 
two rnnno acids, anywhere in the mouse GM-CSF coding sequence. Preferred sites for substituting or 
mserting cysteme residues an in tiie region preceding Helix A, the A-B loop, the B-C loop, the C-D loop, 
and the region distal to Helix D. Other preferred sites are the first or last three amino acids of the A, B, C, 
and D Helices. One also can cansteuct muteins containing a free cysteine by substituting another amino acid 
ftr one of the naluraUy occmring cysteine residues in GM-CSF that nonnally forms a disulfide bond. The 
natunOly occurring cysteme residue that nonnaUy Smas a disulfide bond with the substitated cysteine 
residue is now ftee. The qisteine residue can be rqihiced with any of the oth 

itoOM-CSFby 




fteecystemes. The preferred multiple mutants would be those 
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™ comoiwa two or more cysteme rmimm that each letoin high, or complete, specific activity w 
PEGylateA 



ir to those described in Examples 12-14, 15 md 16, one can express 
purify, and PECSylate mouse GM-CSF mutems and measure biological acdvities of these pmtein, in an to 
vliro bioassay and m vivo efficwy models. The proteins can be expressed cytoplasmlcaUy fa E. coU or a, 
proteins secreted to file petvlaanic space. The muteins also can be eiqmssed in euloByotic cells such as 
)r mammaHan cells, usmg ptocedmes similar to Oiose deacrlbed m PCT/US0tM0O93l. or relaied 
illloiowntothoseskinedintheait If secretion ftomeularyotic cells is desired, the natural 
UM-usF signal sequence, or another signal sequence, can be used to secrete the proteins fiom euloryotic 

The purified mouse GM-CSP wild type protrin. cysteine mnteina, and PEGjSated fonns of die 
cysteine muteim can be assayed &r biological activity «ith a cell prolifeation assay usmg the NFS60 cell 
line as described in Examples g and 9 above. 

Murine wild type GM-CSF and the murine T3C GM-CSF cystame mntein were isolated fiom B. 
coli following the procedure described for human WT-GM-CSF (Bampba M-W) wiCh fi» exception fliat 
30% ammonium sulfate was used to bind the mi 
as described ibr human GM-CSF. The mi 
and 40 kDa PEG mall 



1. Bioactivities of these PEGylatedptoteniaca 



ne T3C cysteine mutant readily PBGyiaJed with lOkDa, 20 ItDa 
its using the protocols described above for human GM-CSF A3C cysteine 



m fbe NFS60 ceU proliferation assay as 



in of WHd Type human Erythropoietin 

coli. The DNA encoding wild type human 
Erythropoietin C^) vros anq>liiied by PGR ftmn the plasmid pBBT358 (see below), which contains a gene 
for Epo in the vector pBlueBac 4.5 (Invihogen), which has been used for expression of Epo m insect cells. 
The gene for ^ inpBBT358 is sunilar to die natural cONA, except fia- three silent mutations atoodons for 
anuno acids 84 and 85 (of mature %o) that cr 

n Xko I site were incorporated usii% the technique of 
as described m Horton et al. (1993) and PCT/USOO/00931. The initial, 
r PCR reactions to the Ate I conatntclion were petihrmed m a SO reaction vohm» to « 
Promeaa PC» buffisr contBinfa« 1.5 mM MgClj . each primer at 0.4 each of dATP, dOTP^ 
dCTP at 200 pM, 1 ng of fcat^lats plasmid pBBT132 (Ihe wild i^B Epo-Flag gene dooed as a BamH I - 
at m pUC19. (desoibed m PCr/US00A)0931), 2 units of Taq Platinum (BKL), and 0.25 units 
se (Stratagene). The reactions were petfermed fa a Perkia-Etaier GeneAn^j® PGR Systeu 
2400 tiietmal cyoler. The reaction program entaUed: 95«C for 5 mfautes. 25 cycles of [94- C for 30 seconds, 
56- C for 30 seconds. 72° C for 45 seconds], a 7 mm hold at 72°C and a hold at 4-a The prima pairs ««d 
were [BB361 x BB125] and [BB362 x BB126]. BB361 (5>GTrGGTCAAC TCGAGCCAGC 
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CGTC3GGA03; SEQ ffi NO:79] anneal, to DNA sequences encoding a^ino «:id «,idues 81-89 of mature 
Epo. BB125 (5> CTATGC GGCATCAOAGCAGATA >3; SEQ ID N0:17) anneals to the pUC19 vector 
sequence -20 bp downstream of the cloned Epo sequence. The PGR products were run out on a 1.5% 
agarose gel, excised ftom the gel, and isolated using a QIAquidc Gel Extraction Kit (Qiagen) according to 
fte vendor protocol. These two mutageniad fiagments were then "spUced" together in the subsequent, or 
"secondary" PCRnaction. In this reaction 0.3^1 of each of the gel-purified PGR products of the primary 
reactions were .aed as tempto and BB125 and BB126 were used as primers. Tie reaction volume was 50 
Vl and 2.5 units of Taq Polymerase and 0.3 units of PfU Polymerase were employed. Otherwise, the reaction 



, ons. An aliquot of the secondary PGR was 

analyzed by agarose gel electrophoresis and the expected band of -190 bp was observed. TTte bulk of 4e 
secoDdatyPCRreaction was "cleaned up" using tl«QIAquickPaiPurification(Q^^ 
I and Ste I(New England BioUba) according to the vendor protocols. Followitig an additional clean up 
using the QIAquick PCR Purilication Kit. the digestion products were ligated with pBBTI38 (the wild type 
Epo-Flag gene cloned as a 5<™H I - ficoR I fiagment in pBtaeBac 4.5, (PCT/US0(M)O931)), that had been 
cut with with JSS,« I and Ste I, treated with cahFmtestinal alkaline ph^ 
gel purified. The ligation reaction was used to transfinm E. coU and 
were sequenced to identify a clone contammg the J9o I site and havmg the « 
433 bp Kpn I- SMI segment This done is designated pBBT358. 

For expression of Epo fiised to the SXn signal peptide, (» peptide sequence which directs secretion 
of the mature protein into the B. coH peijplasn^ the oligonucleotides used in the PCX reaction were BB583 
{5>CCAACGCGTA CGCAGCCCCA CCACG0CTCATC3=n SEQ ID NO:46), which anneals to the N- 
terminal coding region of the gene, and either BB583 (5>CCGGAATTCT TAACGGTCAC CTOTOCGGCA 
GG03; SEQ ID N0.47) or BB586 (5>CCGGAATTCT TAGTCACCTO TGCGGCAGQC >3; SEQ ID 
NO:48), which anneal to the C-terminal codmg region of the gene. BB585 mchides the codon &r Argl66, 
the C-tenninal amino acid predicted by dK cDNA sequence, whereas BB586 deletes ib» Argl66 codon and 
codes for Aspl65 as the C-terminal amino acid. The resultmg - 600 bp PCR products were dig«ted with 
Mul and SCO Rl and cloned into a sumlarly digested pBBT227 (Example 9) vector to create ftsions 
between the STU leader sequence and the amino tennmal coding sequence of wild type Epo. Ha gene 
formed by PCR using BB583 and BB585 is termed STH-Bpo-iidl length (STH-Epo-FL), and the gene fonncd 
by PCR using BB5S3 and BB586 is famed STO-Epo-des Aig (STH-^kmIR). sm-Bpo-FL and STO-Epo- 
dR clones with the conect sequence were then subcloned as Nde 1-Bco RI fiagments hito pBBT257 
(described in Example 14) to create pBBT477 and pBBT478, respectively. 

PBBT477 and pBBT478 were transformed into JM109 to create strains BOB578 and BOB579 
These strains, along with BOB490 (pBBT257/JM109) were gro™ overnight in Luria Br^th (LB media) 
containing 10 jig/ml tetracycline at 37-C in roll tubes. Saturated overnight cultu«s were diluted to ~ 0.025 
OJD. at A«, in la m«lia containing 10 t^g/ml tetracycline and incubated at 37°C in shake tIaslcB. Typically a 
mi in a 250 ml shake flask, Wlen cuiture O.D.s reached -0.3 - 0.5, IPTO was added 
>.5 mM to mduce expression either Epo wild ^ or Bpo des Argl66. For initial 



ad ~I9 h 



sd by SDS- 
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polyactylamide gd dectrophoiesis (SDS-PAGE) on precast 14% Tris-glycme pofenQiylandcte gels and 
stained with Coomasaie Blue. Induced «iltures of bolh BOB578 and BOB579 showed . band at 
^.proximately 20 kDA, which is consistent wiSi the molecular wei^t of wild type Epo. Uns band was not 
detected in the induced culture of BOB490, the vector-only control. 

B. Ezpreulng IMet-Eiytliropolettn In tke cytoplasm of £ coll. As described in Example 18. A. 
, ae DNA encoding wild type hmnan Eiydiropoietin C^) was amplified by PCR from the plasmid 
PBBT3S8, which contams a gene for wild type Bpo. For expression of met-Epo in the cytoplasm of E. coli, 
the oligomrelBotidea used in the PCR reaction were BB5g4 (5> TTC jSeLAfie ATO CAT GAC CTG CAG 
GAG GAA ATT TAA ATG OCC OCA CCA CGC CTC ATC 3>; SEQ TD NO:49), which amieals to the N- 
temnnal coding legion of the gene, and either BB585 (3>CCCK}AATTCr TAACGOTCAC CTGTGCGGCA 
GG03; SEQ ID NO:47) or BBS86 (S>CCGQAATTCT TAGTCACCTO TGCGGCAOQC >3; SBQ ID 
NO:48), which ate described above. The resulting - 600 bp PCR products were digested vrfth J«Wand&«. 
RI and cloned mto a simihrly digested pBBT227 (Example 9) vector to create genes enoodmg mefluoiqrl. 
Bpo. The gene formed by PCR using BB583 and BB585 is tamed met-Bpo-fuU length (met-^EL), and 
the gene fonned by PCR usmg BB583 and BBS86 is termed met-Eponies Aig (met-Epo-dR). Met.Bpi,.FL 
and met-Epo-dR clones with the conect sequence were then subcloned as Wife l-Eco RI fiagmenis into 
pBBT257 (described in Example 14) to create pBBT479 and pBBT480, respectively. 

PBBT479 and pBBT480 were ttansfi>nned mto JM109 to create strams BQB580 and BOB581. 
Expression experiments with these stnuns, along with BOB490 (pBBT2S7/)M109) wen Oe same as diose 
described above for fte STH-Bpo constructs, bduced cultures of bofli BOB5S0 and BOB581 showed a band 
at annoximately 20 ItDA. which is consistotf with the molecular weight of wUd type Epo. This band was not 
detected in the mduced culture of BOB490, the vector^nly control 



Consfructiod, £ coU Expression, Puriflcation and Bioactivlty of Erythropoietin Cysteine Mutetns 

A. Construction of Epo Cysteine Muteini. Methods for constructmg Epo cysteme muteins using 
sitoHlirecled PCR-based mutagenesis procedures and preferred sites for locations of cysteine muteins in 
BPO are described m PCT/US0W0O931. PCr/US98/14497, and tonis et al. (1990) and White (1993) and 
the various Ei«nple» provided herem. In addition, LSD is another pntfened site for a cysteine substitution 



Recombinant erythropoietin and cysteine mutems of erythropoietin can be expressed in E. coli 
using the procedures described m Example 18 for wild type EPO. The cells are lysed using B-per (Pierce) 
ftUowmg the manufacture's instructions and the insoluble portion is isolated by cenlriiugation. The peUet is 
solubUized using 20 mM cysteine, 6 M guanidme, 20mM Tris, The mixture is stirred for 1-2 hours at room 



d 1:20 (v/v) with 20 m Tris, pH 8, 40 ^m copper sulfate, 2% lauioyl 
at 4°C for 24-48 hours. The refolded EPO and EPO cysteine 
olumn equiUbrated in 20 mM Mes, pH 5, 0.01% Tween and 
20%tfycerol(Bu£faA) . BPO can be duted from a)eS.Sephaiose column usmg a linear gradient of 0 -IM 
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NaClinBiiffetA. Seconday cohmimfbrfliilherpurificatiraof tJwre^^ 
SEC. Btoe-sepharose, byimxyw^, or HIC resins (phenyl, bulyi). 



order disulfide-Unked nmltimBis of hGH as described in PCTAJS00/0O93I. Such a vsriant coold be 
o^ressed m E. coH , refolded and purified as disctosed m Enmples 1 end 2 and PCr/US/DO/00931. 
Subsequait processing steps could then be employed to induce disulfide bond fimnation as descnbed in 
Example 2 and PCT/US00/M931. Under sudi conditions some hGH variants having one free cysteine, 
such as T3C, are converted virtually quantitatively to disulfide-linked dimen. Under the same or siniilar 
conditions mtermoleoular disulfide formation by an hGH variant having two ftee cysteines, e. g. a double 



nt that combined T3C and as 



lit m a polymerization of hOH molecules 



and the cham length of such polymers would in principle be unlnnited. The chain lenglh could be limited 
and to some extent controlled by addition to the polymerization reaction of hGH molecules havmg only one 
free cysteine such as the T3C variant and / or other cysteme muteins. Disulfide bond fbnoation between the 
growing polymer and a molecule having only one &ee cysteine will "cap" or prevent further extension of 
one of the two polymerization sites in the nascent polymer. A subsequent reaction of a second hOH 
molecule that has only one free cysteine with the other polymerization site of that nascent polymer 
teiminates polymerization and fixes the length of that polymeric molecule. The average polymer length 
could be controlled by the stoichioraeUy of the reactante, i.e. the ratio of hGH molecules with two free 
cystemea to hGH molecules with one free cysteine. Average shorter polymers would be fiivored by lower 
ratios and average longer polymers would be fiivored by higher ratios. Mote confine "branched" polymeiB 
could be constructed fi^m reactions hwohdng hGH variants wifli 3 or more free cysteuws wifli hOH variants 
havmg only one free cysteme. 

Discrete size classes of certam polymers could subsequsntiy be purified by chromatographic 
methods such as size exclusion chromatography, ion exchange ohromatogt^hy. hydrophobic mteraction 
ohrotnatography, and the like. Sunilar ptocedntes to those described fi» GH could be used to create 
disulfide-lmked dhnani and Wghar order multimers of G-CSF, a^ mtetfiaon, GM-CSF and oflier protehis. 

Example 21 

Cloning, Eqiresslon and Piuitlcatioii of Wild Type humm Endostatin 
A.CIonhig DNA sequences encoding Endostatin. A cDNA oicodiug Bndostaitin was anq)lified 
by PGR from a human fetal liver cDNA Ubrary (Clonteoh). PGR reactions were carried out wifli forward 
primer BB383 (S>GCTAACGCGTACGCACACAGCCACCGC0ACrTCCAGCC0>3; SEQ ID NO:50) 
and reverse primer BB384 (3>CGGAATTCCTCGAGCTACTTGGAGGCAGTCATGAAGCK>3; SEQ ID 
N0:51). Primer BB383 anneals to the 5' (aid of file codmg sequence of human aidostatin and file revei«e 
primer, BB92, ameals to the 3' end of the Eudostatm oodmg sequence. The resulting ~ 600 1^ PCR product 
was digested with Mlul and Eco RI and cloned into a shnihiriy digested pBBT227 (Example 9) vector to 
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create a fiinon between the STIt leader sequoice and the amino tescmmal coding sequence of human 
Endostatin. After confimiiiig its setjuence, the gene was modified for inttacelluhr eaq)ressicn by PCK. 
an5)lification with forward primer BB434 (S^GTGCACCATA TGAAGAAGAA CATCGCATTC 
CTGCTGOCTA GCATGCATGA CCTGCAOGAG GAAATTTAAA TGCACAGCCA CXXSCGACTTOS'; 
SEQID NO:52) and BB384 (SBQ ID N0:51). BB434 fiises a methionine (met) codon to the amino 
temimus of Endostatin. The resulting 630 bp fagment was digested with Wei and &idl and cloned mto a 
snnilarly digested STII-Endostati»i>UC18pIasniid described above. A mst-Endostatmckme with the correct 
sequence (pBBT370) was then subcloned as a /Me I-£co RI fiagment into pBBT257 (described in Example 
14)to«aeatepBBT371. 

B. Expression of Wild Type met-Endostatln in E. colL pBBT371. whieh encodes Met- 
Endostatin wild type, and pBBT257. the parent vector, were tmnsfotmed mto E. eoli mm to create 
strains BOB4eO and BOB490, and mtDW3110 to aeatestrauQBOB461 andBOB340. These strains were 
grown ovenught in Lutia Broth (LB media) containing 10 (igAnl tBtracydme at 37°C in roll tubes. Saturated 
overnight cultures were diluted to- 0.025 OJD. at A«om LB 10 (igtal tettacyeline and incubated at 37»C in 
shake flasks. Typically B 25 ml culture was grown in a 250 ml shake flask. When cultate OJ).s reached 
-0.3 - 0.5, EPTG was added to a flnil concoilration of 0.5 niM to induce expression of human met- 
Endostatin. For initial experiments, cultures were 8anq>led at 0, 4 and ~19 b post-induction. Samples weie 
analyzed by SDS-polyaciylamide gel electrophoresis (SDS-PAQB) on precast I4« Tris-glytine 
polyaciylamide gels and stauutd with CoomasBls Blue. Induced cultures of boA BOB460 and BOB461 
showed a band at qiproximately 20 HDA, which is consistent with the mature human Endostatin. This band 
was not detected in the uninduced cultures of BOB460 and BQB461 or in induced or umndnced cultures of 
BOB490 and BOB340, the vector-only controls. The ~20 kDa band co-mignifed with commercially 



Construction, Expression, Pnrifloition and Bioactivity of human Endostatin Cystetae Muteins 

In Cysteine Muteins. Eleven mutant human Endostatin genes were 
1 PCR-based mutagenesis procedures similar to those described in 
PCT/USOO/00931 and Innis et al. (1990) and White (1993). Four muteins [•-10. H2C. R5C. and F7C] were 
constructed m the ammo-totminal region (the amino acid residnes are nuniered by subttacti^ 
numbered reffldues m Hbhsnester et al. (199S)); flitee muldna were at rasidues encoded by sequences 
around the center of the gene [G90C, QSSC; and HIUQ; and three mutehu were m flie carbaxy-terminal 
region [L1S4C R157C and SlSZq. One additional mutem [R28q was constnicted at a leadne withm the 
active site of Endostatin. This could serve as a ctrntrol protem in the bioassay. 

The source of ternplate fiagmeots used Ibr the mutagenic FOR reactions was plasmid pBBT370. 
FCR products wen digeated with appropriate restriction endonucleases, eoctracted using the Qiagen PGR 
cleanup kit and Ugated vrilfa pBBT370 vector DNA that had been cut with those same restrictiffli enzymes, 
alkaline phosphatase treated, and extaracted using (he Qiagen FOR cleanup kit Transfixmants fitnn these 
ligations we grown iqi and plasmid DNAs isolated and sequenced. The sequence of Hts entire cloned 
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mutageniEed PCR fiagmmt was detstmined to verify bofli the presence of the mutation of interest and th 
absence of any additional mmatKms flat potenJiaUy could be introduced by the PCR reaction or by th 



The cysteine substitution mutation *-lC was constructed using three PCR amplifications as 
allows. The mutagenic forward oligonucleotide BB531 (5>GAGGAAATTT AAATGTGCCA 
CAGCCATCGC GACTTC03; SEQ ID NO:53) was designed to insert a TGC cysteine codon between 
flie N-teiminal ATG methionine codon and the first CAC histidine codon. This oUgo was used in PCR#1 
wiBi the reveree, non-mutagenic, primer BB126 (5>TGTGGAATTG TGAGCGGATA A03; SEQ ID 
NO:54) which amieals to pUClS vector sequences within 60bp downstream of the Bidostatin coding 
sequence. The template for this PCR was a purified 1264bp Nhe 1-ApaL I fragment derived from pBBT370. 
This ftagmeat contains the entire Bndostatm coding sequence and 670bp of pUC!8 sequence downstream of 
the Endoatatin gene, includmg the sequence to which BBI26 anneals. PCR #1 was a 25 ^1 reaction 
performed in IX Promega PCR buffer containing 1.5 mM MgClj, each primer at 0.4 fiM, each of dATP, 
dGTP, dTTP and dCTP at 200 nM, 0.5 ng of ten^ilate fragment, 1 unit of Taq Polymerase (Promega), and 
0.1 unit of Pfa Polymerase (Steatagene). The reaction was performed in a Perldn-Btoier GeneAmp® PCR 
System 2400 thermal cycler. The reaction program entailed: 95<'C for 5 minutes, 22 cycles of [94° C for 30 
seconds, 55°C for 30 seconds, 72°C for 45 seconds], a 7 mm hold at 72°C and a hold at 4»C. 

PCR #2 was performed using tiie mutagenic reverse oligonucleotide BB532 (5>GGAAGTCGCG 
ATGGCTGTQG CACATTTAAA TTTCCTC>3; SEQ ID NO:55), which is the inverse complement of 
BB53I, and the non-mutagenic primer BB125 (5>CTATGCGGCA TCAGAGCAGAT>3; SEQ ID 
N0:17), which anneals to pUClS sequences 40bp upstream of the Nde I site. The template for PCR#2 was 
a purified 990bp Ssp I -EcoB. I fragment from pBBT370 containing the entire Endostatin coding sequence 
and 367bp of pUClS sequence upstream of the Nde I site at the 5' end of tiie Endostatin gene fragment, 
iocludiug the sequence to which BB125 anneals. The components and program for PCR#2 are tiie same as 
PCR#1. Ten nl aliquots of PCRSland #2 were analyzed by agarose gel electrophoresis and each found to 
have produced a single fragment of die expected size. 

PCR #3 was a SOfil reaction performed using non-mutagenic primers BB125 and BB126. The 
template for tills PCR was 1 jd of PCR #1 and 0.3 jil of PCR ta. The components of PCR #3 were flie same 
as reactions 1 and 2. The reaction program entailed: 95»C for 5 minutes, 23 cycles of [94° C for 30 
seconds, Se'C for 30 seconds, 72''C for 1 min], a 7 min hold at 72°C and a hold at 4°C. A 10 nl aUquot of 
PCR #3 was analyzed by agarose gel electrophoresis and found to have generated a 740 bp fiagment, as 
expected. The remainder of the reaction was "cleaned ifli" using xbe QIAquick PCR Purification Kit 
(Qiagen) according to Uie vendor protocol and digisted wifli Me 1 and SsrG I (New England BioLabs) 
according to tiie vendor protocols. Following an additional clean up step using tiie QIAquick PCR 
Purification Kit, the digestion products were ligated with pBBT370 tiiat had been cut wifli Nhe I and BsrQ I, 
treated witti calf intestinal alkalme phosphatase (New England BioLabs) and "cleaned up" using flie 
QIAquick PCR Puiiflcation Kit The ligation reaction was used to transform £ coli JM109 and plasmids 
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to sequenced. A clone having i 
throng tbe 205 bp A!Je I - &rG I segment was identified. 

Tiie substitution 
cysteine, etc.) wen constructed and 



and Hic correct sequence 
H2C RSC, F7C and H28C (i.e. clanging histidine at position : 



!d using Oe protocols detailed above fer *-IC, except 
M were used (Table 16), Hie fbiwaid d 
were always used in conjunctiDn with the leveisei 
Nhe 1-Apah I fiagment as ten^late, and Um re 
conjunction with forwari. non-mutagenic, primer BB12S and the purified 990bp 1 I ~ 



primer BB126 and the purified 1264bp 



Table 16 

Oligonucleotides used to constznct Endostatin cyi 

^ Semenm «' > 3 Cw onAm shown in hnli^ 

raid OAGGAAATITAAATTGCAGCCATCGCGACTTCCAG 
SEQ1DNO.S6 



GCQ\aX3COACTGTCAACCXK}TGCTCCAC 



R28C BB540 



G98C 
G98C 
HU2C 



GACGTCCTGAQQTGCOCGACCTGQCCXCAG 
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U54C BB548 Forward GGCCAGGOCT^ 

L1S4C BB549 

R157C BB5S0 

IU57C BB551 



Mutam C90C and G98C were constmoted by mettods simitor to those described for ♦-IC. except 
flie mutagenic oMgomicIeotides were diibent (Table 16) and the teinplate for PGR #3 was O.S (il of PGR #1 
and 0.5 Ml of TOR #2. to addition, after "clean up." PCR #3 vm digested with BsH3 1 and Bsu36 1 (New 
Enghmd BioLabs) and following an additional clean np atnp. the digestion products were Ugated with 
PBBT370 that had been cut with ijrfj I and BsU36 1, treated wiUi calf ktestmal alkaline phosphatase (New 
England BioUbs) and "cleaned up" uamg the QIAquick PCR Purification Kit. 

Muteins U54C, R1S7C, and S162C were consfructed by methods shsilar to fliose described fbr 
IC, excqit the mutagenic oligomicleotidea were different (Table 16) and (he template for PGR #3 was 0.3 jd 
ofPCR#l and 1 mofPCR#2. In addition, after "dean up," PCX Mwaadigerted with Bs«36 1 and £™RI 
and following an additional clean ^. stq,. the digestion products were ligated with pBBT}70 (hat had been 
cut with B«d6 1 and £to RI, heated wift calf intestinal alMke phosphatase (New En^ 
"cleaned op" using the QIAquick PCR Purification Kit 

Mutein mi2C was constnicted by methods different ia several respects ftom (hose described for 
MCPte, the sequence of themutagaric forward oligomtdeotid^ 

and the votame of d» reaction was 50 m instead of 25 PGR #2 and PCR #3 were not performed, 
because Ihey were not necessay. Instead, after a 10 pi aliquot was analy:»d by gel electrophotesis, m 
reaction was treated much the same as PCR #3 is normally treated. That is, the remainder of the reaction 
was "cleaned up" using fte QIAquick PCR Purification and digested with BsU36 I and &»R I (New 
England BioLabs) according to fl» vendor protocol. Followmg an additional ctean up stq) usmg the 
QIAquick PCR Purification Ki^ fix. digestion products were ligated wifl. pBBT370 that had been cut with 
3su36 1 and BcoR I, treated wifli calf intestinal alk^ine phosphatase (New England BioLabs) and "cleaned 
up" using the QIAquick PCR Purification Kit The ligation reaction was used to transform £. coll JM109 
and plasraids from resulting transformants were sequenced. 

B.Ejqpr«slon of Cysteine muteins of meOEndostafta to B. coll: Each met-Endostatin 
Cysteine mutein clone wifli the coirect sequence was suboloned aa & Nde 1-Eco RI 
ftagment into pBBT257 (described in Example 14) to generate a set of e:qOTssion 
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plasmids which were transfonned in JM109 to create the strains used in expression 

studies. 

These strams were grown overnight in Lniia Broth (LB media) conlaimng 10 wgtal tetrapycKM at 
src in ran tube.. Sat«,:ated overnight cal.m» were ditoted to ~ 0.025 OJ>. at in LB 10 pgtol 
tetraoyoline and incubated at 37»C in shake flasks, l^y . 25 ml cultBt was grown in « 250 tnl shake 
flask. When a culture O.D. reached -^.3 - 0.5, IPTO waa «ided to a final concentration of 0.5 nAl to 
induce expression of the Endostatin Cysteme mutein specific for that stain. Pteinduction. 4 hour post- 
mduouon. and 16 hr post-induction san,ples were coBected. Samples wer» analyzed by SDS- 
polyacrylamide gel electrophoresis (SDS-PAGE) on precast 14% TWa-glycine polyacytaride gels and 
Coomassie Blue. Induced cultures of each of the Bi 



band at approxinmtely 20 kDA, which is consistent with the mature human Endostatin. This band was not 
detected m the unfcduced cultoes or in induced or uninduced cultures of BOB490. the vecto«,nly conlroL 
The -20 kDa band co-migrated with commercially prepared human Endostatin puichased ftom 
Calbiochem. 

C. Expression and puriflcatlon of endostatin and endostatin cysteine mutetaK E.coH 
containing expressed wild type endostatin or endostatin cysteine muteinlWCwere pelleted by centriftgaft^ 
and ftozen at -SO' C. Cell pellets were thawed and treated with 5 mL of B-PER ™ bacterial protein 
extraction reagent accordmg to the manu6cturer-s (Pierce) protocols. The insoluble material, which 
contamed the bulk of the endostatin protein, was recovered by centrifbgation and lesnspended in B-PER. 
This mixture was treated with lyso^yme (200 pg/mL) for 10 nun to turther disrupt die ceU walls, and MgCb 
(10 mM final concentration) and protease-ftee DNAse (2 ng/ni) were added. Insoluble endortalin was 
collected by cenfriSigation and washed, by resuspension in water and recentrifiigation, to remove most of 
the solubilized ceU debris. For refbldi,g. the resulting pellet containing insoluble endostatm was dissolved 
m 20 ml of 8 M urea. 10 mM cysteine in 20 mM Ms Base. This mixture was stirred for 120 min at room 
tempeiature. Cystine was added to a final concentration of 10 mM before the solublization was dUuted into 
200 ml of ice cold 3 M u«a, 40 MM copper sulfate, 20 mM Tris. pH 7.5. This refold mixture was slowly 
sfeed at 4t: fi,r Sdays. The pH of the refold mixture was then adjusted to 5.0 with dilute HCl and the 
nuxtnn> was centrifliged before being loaded onto a 5 ml S-Sephan.se column (Pharmacia HiTmp) 
equihhrated in 40 mM sodium phosphate pH 5.0 (Buffer A). The bomul proteins were ehitedwifl. a Imeat 
salt gradient ft«„ 0-100% BuiarB (50OnMNaCl, 20 mM sodium phosphate, pH 5.0). The S-Sq-harose 
fiwtions containing piedominanBy endostatm were pooled with their pH being adjusted to 7.4 before being 
loaded onto Heparin-Sq,harose (Hi tci^) column, i«eviously equiUbrated in 20 mM Tris. pH 7.4. The 
column was ehited wiUi a 0-1 M NaCl salt gradient Heparin column ftactions with pure endostatin were 
pooled «,d ftozen. Endostatin cysteme mutants G90C, G98C, HI 12C, and R157C have also been partially 
purified using die above protocol, wifii die hqwin column step omitted. 

K5C endostatin cysteine mutein was PEGylated using a 15X excess of 5 kDa PEG malamide and 
10-15.&Id excess ofTC^. The reaction yielded monoPEGylatedK5Cp.otem. 
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D. Eaa««.n,. Bioas«,y: Rc&Mcd wild type recombmant endostatm aad the refolded R5C 
endostatfa cysteme mutein were show to be biologicaMy active using the MMP.2 uJiibition assay described 
byKiiii,e*«l.(2000). 

Bioaetivify of the pro*ri»s abo can be „>easured in an endothelial ceU proliferation inhibition 
aasay. /„ W(m iriubiUon of endothelid ceU p«>life™,ion can be perfonned as foUows. Five thousand 
HMVICL cells (Clonetics) c«i be plated onto gelatinized 96-weIl culture plates and incubated {3rc 5% 
COJ for 24 hr in 100 Ml HMVECL medium containing bFGF. The medium is then replaced wia 20 of 
n«dinm containing serid dilutions of endostaUn, endostatin cysteine nnrteins or PEGylated endostatin 
cysteme nrnteas. and incubated for 20 nrin. Highly jtl of fiesh HMVECL medium containing bFGF is then 
added to the weU. Afler 72 hr.ceUnumb«ra can be determined. Hkv. 
proUfeiatiQn of Hie endotl 
numbers at the end of the as 



Angiostatin is My «=tive when non-glycosylated «td thus, does not require a eukaryoHc 
expression system fbr production. The codmg sequence fer imnm angiostaSn. consisting of the to four 
tangle subunits of human plasminogen, can be PCR-anplified ftom a humui plaammogen cDNA temphte 
(avaUable ftom the American Type Culture Collection, Rodcville, MD). Wild type angiostatin mi 
angmtatin cysteine muteins cm be secreted Ihm. £ «,« by fiuring b«toial signal sequences such as those 
from the STII or ompA proteins onto file N-tetmmns of mature angiostatin fbr tile pmpose 
the protein into the peripiasmic space. This method has algo been used successfully & 
angiostatin (Kringle(K)l, K2, K3, and K2-3, (Cao et at, (1996)). A. 
cysteine muteins can be expressed cytoplasraicaUy in E. coli. or oHier host ce 
cysteines that form 13 disulfides. Therefore, conventional refold protocols without an added cysteine 
blocking would likely be unsuocessM with a cysteine rich protein like aAgiortatin. Prrfbned site, fer 
mtroducing cysteine residues into angiostatin indude K97C ( a cysteine residue added onto the N-termhma 
of mature angiostatin), T365C. 37IC, S460C. A463C, Mid MeeC (a c,«eine reridue added onto 4e & 
termmus of the mature angiostatin protein. 

Bacterial cells expressing recombinant angiostatin or the angiostatin cysteme mutems can be lysed 
B-per as described by the manufacturer's protocol (Pierce). The insoluble portion can be isolated bv 



ratrifugation. The pellet can be solublized us 



>f 20 mM cysteine, 6 M 



Tpicj base. The mixture can be stirred for 2 hours at room temperature before bemg diteted 10 fold into 20 
mM Tris, The refold can be held at 4'C fbr 1-2 days. At the end of this time, the «=fold ca. be centriftged 

and the angiostatin protein (or cysteine muyteins) can be purified by usmg a lysme-sepharose column The 
refold mmure can be loaded directly onto the colunm which is preWously equilibrated in 20 mM Hepes 
0,15 M NaCl. pH 7.4 Angiostatin (or an angiostatin cystine mutein) can be released irom fte resin using a 



ntofO-12mM 



er purification, if necessary, can be accompUshed us 
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Example 24 
Pqitide mapping of PEt^lated proteins 
to mmy iastance., pq,ti<te ni.?)8 can be used to verify the site of PEGyMon. TypicaUy the 
PEGylatedprotein i, specffically digested a»b Ite the cysteine mutein is present in a peptide wifl, no other 
cysteme residnes. p«sense of a PEG covalenlly attached to peptide win dianraticaUy ehange the 
retentton time when the digertion mix is assayed by Reversed Phase HPLC. When OH is digested with 
trypsnt using condiHra,, from the Utenture (OaA et al., 1996). 21 possible tryptio peptides (T1.T21, 
numbered consecutively) can be isohted. Tl, representing residues IS which includes the mutation T3C 
shifts to a slightty earlier retention time fer the cysteme mutant (61 minutes) versus wild type ( 54 minutes) 
or pituitary growth hormone. When PBGylated with a 5 K PEG, the Tl peptide moves to the end of the 



ion time greater than 100 minutes. When OH is digested with endoproteaseLys- 
C, 10 peptides (LI-10, maiiered consecutively) U representmg residues 1-38 elutes at »onnd 59 minutes 



fbr wild type OH and a»und 61 minutes for the mutein 13a When PEGylated with a 20 K Pbu, is 
nussing fion, the chromatogram. Tlese data confirm that mdeed the PBO moiety is att«d»d to the cysteine 
residue at postion 3 as predicted rather than at a native cysteme. Enzymatic digestim end HP HPLC 
analysis of cysteine mutiens of IFN (tiypsm «id aidqpn5te.« Gla^ GM-CSF (endoptote.se Gh^Q and 
G-CSF (endoprotease Ly^) before and after PBGylation also showed data that was coosiatent with a 
shigle site of PBGyMon at the newly intoduced cysteme residue. 



Peripheral Blood Progenitor CeU MobOizatlon Initiated by PEG-G-CSF and 
FEG-GM-CSF Cjnteliie Mutebia 

Treatment with recombinant G-CSF and recombmant GM-CSF has been shown to mobilize 
peripheral blood progenitor cells (PBPC) that give rise to more rapid production and eng»fiment of 
neutrophils and platelets foUowing ohemotherapay. TTie enhancement of PBPC mobilizrtion (and potentiaUy 
engraitaent rates) can be evaluated in the presence of the PBGylated G-CSF and FEGylated GM^SF 
cysteine muteins. Spleenectomized mice strains laiown to have well defined manow ceU profiles aid 
proliferation kinectics can be given a single or daily (up to 7 days) intravenous or subcutaneous dose(,) of 
G-CSF (wild-type or Neupogen®) or PBGylated G-CSF cysteine mutems. Each eKperhnent can also 
contam a group of mice treated only with a earner, consisting of mouse serum albumin suspended m 
isotonic saline. FoUowing treatment, peripheral blood can be harvested by cardiac pmictuie and coUected in 
EDTA-oontaining tubes. CBC analysis can be perfonned. Bone marrow cells can be haivested by flushing 
flie contents of the femur and marrow. White cell count numbers can be determined by staining with crystal 
violet and hemacytometer enumeration. density celU can be isolated using blood density gradient 
flact.onat»n and used in progenitor cell assays. TTie protocol for die progenitor cell assays is outlined in 
BnddeU. et al (1993). Basically, a double-layer agar based system (Bradley et al, 1978) can be used to 
evahiate both primitive (high proliferative pot^tisl-colony-forming cells) and mature (granulocyte- 
macrophag. colony fonnmg cells) progenitor cells. A methylceUulose-based assay system developed by 
Iscoveetal (1974 ) can be used to evaluate erythtoid colony ibimation. PBGylated G-CSF (^stehie 
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